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PREFACE 


It is often assumed that when China becomes aroused to 
the need of equipping herself with the tools and technique 
of America and Europe, there will be a great and rapid 
industrial and commercial advance comparable with that ot 
England, Germany, and the United States duiing the last 
century Her supposed untold wealth, in “vast lesources’^ 
of raw materials and man power, when organired, is to 
produce, we are told, both the fiercest industrial competition 
the world has ever seen and the greatest potential market 
The Industrial Revolution of the West, it is foiebodingly 
asserted, is only the curtain-raiser for the vaster drama of 
the twentieth century to be played m Asia, where “the 
stage seems set for catastrophe ” 

The Industrial Revolution has not been mis-named It 
IS one of the major movements in the history of Western 
civilization, and the countiies which have led the way have 
experienced, historically speaking, an extraoidinarily rapid 
transformation At the centie of the Revolution is a new 
invention in industrial organization, the institution ot the 
factory system, still in process of evolution For this as 
for all such momentous changes, however, a long prepara- 
tion has been required, a pre-adjustment of social values has 
been as essential as the accompanying leadjustment The 
spread of the new economic institutions, from England to 
the western continent of Europe and thence more haltingly 
to Spam and Italy and eastward to the Slavic countnes, 
and their migration westward across the Atlantic, have been 
conditioned not only by institutional and psychological fac- 
tors but also by factors of economic resources and commer- 
cial geography The Industrial Revolution has met 
hindrances in the West, but it has found and will find much 
greater restraints in Asia, where ancient civilizations pre- 
sent social msututions and religious beliefs deeply imbedded 
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and hostile to change Inhibitions of this nature, as well as 
the economic difficulties, have been described by many com- 
petent observers in the Far East, most recently and fully 
in the special inquiry made m 1924 by the British consuls 
in China One of the most interesting of these reports 
sums up the forces there working for and against modern- 
ization, and draws an historical parallel “If this gen- 
eration can raise the average level of China to the English 
average of 1450 or 1500 it will not have done badly ” 
Despite the recognition of cultural difficulties as an im- 
pediment to the rapid diffusion of Western industrialism, 
there has remained a fixed and general belief in the ultimate, 
if not immediate, effects of the supposed vast material re- 
sources of China, and especially of her potential mineral 
wealth It was therefore with surprise, not unmixcd with 
incredulity, that we have lately heard this belief challenged 
The experts have announced, as the result of repeated 
explorations, that the Far East, estimated by Western 
standards, is seriously deficient m some of the most im- 
portant minerals, and especially rn iron, the basic metal of 
our civilization Professor C K Leith m 1925, at the 
Williamstown Institute of Politics, and in his subsequent 
article in “Foreign Affairs” (April, 1926), set forth this 
conclusion of the mining engineers and indicated some of 
the consequences of so vital a defect in the equipment of 
the Western Pacific region One of the conference groups 
of the Council on Foreign Relations, that on the Far East 
conducted by Mr H Foster Bain, devoted its sessions of 
1925-26 to an examination of this subject It is clear that 
the evidence for the view as to the serious paucity of Far 
Eastern nuneral resources rests on a senes of careftil technic 
cal studies made by highly qualified mining engineers and 
geologists Since it is also apparent that their findings are 
of fundamental importance, as affecting the whole problem 
of Far Eastern development, and therefore should be more 
generally known, the Council on Foreign Relations has re- 
quested Mr Bam, a recognized authority, to prepare, as 
the first of its Research Publications, the present compact 
volume on the mineral resources of the I'ar East Mr 
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• Bam and a well-equipped staff of experts had made extended 
field investigations in China and an elaborate report for 
the New York Orient Mines Company Together with all 
the published material, Mr Bain, in writing this book for 
the Council, has drawn upon the unpublished report In 
permitting its utilization the Orient Mines Company has 
rendered a public service which the Council on Foreign 
Relations gratefully recognizes 

In the illuminating survey, herewith presented, the vary- 
ing mineral resources of China, Japan, Eastern Siberia, 
Indo-China, Siam, the Netherlands East Indies, the Feder- 
ated Malay States, and the Philippines are examined To 
China’s coal, antimony and tungsten, two of the other coun- 
tries add tin, and these complete the list of really consider- 
able mineral supplies None of the countries bordering the 
Western Pacific Ocean shows resources of iron ore, actual or 
potential, which in quantity oi quality range with the great 
deposits of the Atlantic area Nor are the other leading 
metals, copper, lead, zmc, or even gold and silver, likely to 
come from the Western Pacific region m quantities com- 
parable with those an industrial civilization has elsewhere 
found India, not included in this survey, is the one gieat 
Asiatic country which possesses large non ore resources, but 
It IS doubtful if her supply of coking-coal is adequate for the 
great scale of production required m a modern iron and 
steel industry What is dubious for India is apparently cer- 
tam for China and Japan They cannot, from their own or 
from readily-imported supphes of iron ore, build up the 
dominant industries which have formed the central core of 
the recent economic history we have known Their supplies, 
indeed, are sufficient for the modest requirements of the 
immediate future, but they are entirely inadequate for the 
full growth of an Industrial Revolution of the type and 
stature the West has acceleratingly shown m the mdustnal 
growth of England, Germany, and the United States The 
factory system, especially for the production of textiles, has 
found lodgment, but only as a minor element, in the eco- 
nomic structure of India and Japan, it is m the stage of 
earliest beginnings in China, but its further expansion will 
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probably be retarded or modified by the limitation of do- 
mestic iron supplies 

No modern country can be self-sufficient, but, with this 
serious limiting factor, least of all can the countries of the 
Far East, as they become modernized, be economically inde- 
pendent Their growing nationalism — an inevitable and 
desirable development — may find bounds set, both for peace 
and war, by multifarious needs for railroads, steamers, 
machine-equipment, which can be satisfied m their fuller 
extent only by importation and the resulting ever-closer 
international relationships Gradually developing those 
manufactures which can be exchanged for the essential 
metal products, and struggling with an even more difficult 
food problem, the countries of the Far East must, it would 
seem, become steadily more dependent upon those regions 
which are technically more advanced and in minerals much 
richer 

Edwin F Gay 
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ORES AND INDUSTRY 
IN THE FAR EAST 

CHAPTER I 

INraODUCTION 

The fabled riches of the East have attracted adventurers 
since the beginning of written history It was the desire to 
participate in the trade with the Far East, or to gam a 
larger share of it, that led to the discovery of South Africa 
and the Americas, to the conquest of India, and to the 
forcible opening of China and Japan It was the same 
motive that led in our own days to the cutting of the Sue/ 
and Panama Canals and to the political piracies through 
which the Orientals have come most frequently to know us 
of the Occident From the first the Far East has stood to 
the Westerner for silks, spices, jewels, and other luxuries, 
and since these were the mam products derived from the 
region, it was lightly assumed that they were, in fact, its 
main products, and hence, by easy transition, that they 
must be common in it 

A little reflection on the distances and risks involved' in 
trade would have forced recognition of the fact that it is 
only the rare and therefore precious articles that can he 
exported where the cost of transport is as high as that from 
the Orient has long been The Far Eastern countries are, 
m fact, poor rather than rich, and their peoples neither 
possess nor are they even familiar with luxuries to a degree 
common m Europe and America Thus, the first premise 
upon which the West has built up its notion of the East is 
faulty The amount ot luxuries and comforts per capita 
IS limited both in the regions and districts of sparse and of 
dense population, and it therefore reflects a true, and not 
merely an apparent condition of seal city As compared with 
equal areas of either Europe or America, the great 

% 
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stretches of Asia do not have equal lesources either de* 
veloped or undeveloped 

Belief in the richness of the East is, nevertheless, firmly 
held throughout the world and is a powerful factor in shap- 
ing the political and commercial policies of most nations 
It IS true that in recent years it has become customary to 
dilate more upon the potential than the present richness of 
the Far East and to formulate trade policies more with a 
view to returns anticipated at some hazy period m the 
future than in time to be included in the next trial balance 
That trade with the Far East will increase may be reason- 
ably anticipated, and out of it profits will be made , but there 
are excellent reasons for discounting the rosy predictions 
that have been common in recent years 

In considering trade prospects it is necessary to keep in 
mind the truism that buying power is limited to selling 
power, a fact recently driven home to us by experience in 
Europe It is not merely necessary to teach the Oriental 
more wants, he must also be shown where to find the goods 
with which to pay for what it is proposed to sell to him 
Trade rests on exchange of commodities, and this is as true 
m China as m Chicago Unless it be on this basis it cannot 
long continue 

If, then, we of the West are to realize even part of our 
rose-colored dreams of expanding Oriental trade, it be- 
comes necessary to determine what sources of untapped 
wealth exist there and how to bring them into use to pay 
for the machinery, clothing, and geneial manufactures which 
we wish to sell This is all the more necessary since there 
19 much reason to believe that desire to buy, in China at 
least, has already outrun ability to pay A Chinese now 
appreciates fully the superiority of his foreign neighbor’s 
tools and will walk a long distance to borrow an Amencan 
saw m preference to using the clumsier native article But 
to buy a similar saw involves an incursion into realms of 
higher finance that is m many instances entirely beyond him 
The amount of telegraphing that a Chinese official will 
do when he has a frank is no whit less than that of an 
American politician, and it is only the cost of the tolls that 
keeps those without franks from equally hbcral indulgence. 
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It IS not merely lack of desiie to puichase but chiefly lack 
of money to pay which limits sales in the East To realize 
the world^s announced ambition for a larger trade with 
the Far East it will be necessary to wage a campaign of 
education designed to increase not only demand for foreign, 
but also production of native goods 

In determining the possibilities m this dnection it is ad- 
visable first to get a clear picture of the resources of the 
countries involved and the conditions limiting their de- 
velopment In doing this the facts as regards China may 
be used to illuminate the situation That country is large, 
has varied resources, is populated by intelligent, industrious 
people, and is not as yet developed to any great degree 
along modern lines Japan has gone further in the change 
from a civilization based on agriculture and household in- 
dustries to modern specialization and integration in large 
units Other nations of the Far East have perhaps gone 
less far China may, for purposes of this discussion, be 
treated as a “grab sample^’ of presumably average com- 
position and as such made the basis of a first analysis of 
our problem 

The only trial balance of China’s trade as a whole that 
I have seen, was prepared m 1909 by Thomas Ainscough, 
an especially able and careful British Trade Commissioner, 
and while the war has brought about many changes I be- 
lieve It still afiords an excellent insight Both exports and 
imports have since increased Payment of the Boxer in- 
demnity to certain countries has ceased and to otheis it is 
deferred But foreign borrowings are larger and other 
compensating changes have come in For present purposes 
it will probably be more helpful to study the figures of a 
period sufficiently far back to afford a perspective rather 
than to attempt analysis of the confusing statistics ot later 
but abnormal times Without therefore concerning our- 
selves closely wtih actual figures, I may mention that Ams- 
cough’s data show that the nominal trade balance had, when 
he made his studies, been against China for many years 
In addition China had, since Boxer days especially, been 
compelled to make heavy annual indemnity payments 
abroad. Because most of the foreign, and much of the 
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local, trade of the treaty ports is handled by foreign firms, • 
there has also been a stream of dividends and profits flow- 
ing out of the country 

In the face of these figures the situation from the Chinese 
standpoint would seem bad, but further examination shows 
some compensations For example, the total profits re- 
mitted home by foreigners in the year taken amounted to 
less than the sums spent m China by foreigners for main- 
tenance of garrisons, war vessels, and the merchant vessels 
used m local trade Similarly, foreign travelers and tour- 
ists, even m 1909, spent more m China than the cost of 
ocean freight and insurance paid to foreign steamship com- 
panies For the amount that the foreign governments 
expended m China on embassies, consulates, and similar 
activities, the Chinese were able to maintain their own 
embassies abroad, to pay the expenses of their travelers 
and tourists, to keep many students in foreign universities, 
and still to have a small credit The balance against China 
in specie trade was just about countered by the sums spent 
by missionaries m upkeep of schools, hospitals, churches, 
and similar activities The cost of munitions imported 
was met by a favorable balance of frontier trade overland 
The large sums sent abroad in payment of principal and 
interest on loans and of installments on various indemnities, 
amounted to less than the total earned and remitted home 
by Chinese living abroad 

When all these facts are taken into account the situation 
from a Chinese point of view is more hopeful The actual 
net balance for the year favorable to the foreigner did not 
then represent money which he was able to carry away, 
but sums reinvested in China, and since then remittances on 
account of foreign loans have largely ceased No more here 
than anywhere else will business grow without increases in 
capital and it is necessary always to turn back into industry 
a considerable part of the nominal profits China pays for 
her purchases with goods and services, and if to the exports 
be added the sums sent home by Chinese living abroad the 
balance of trade nearly disappears If to this be added 
the ampunt paid for repairs in China for foreign ships, 
which constitutes a further service sold to foreigners, the 
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, balance is the other way Foreigneis are steadily increas- 
ing their equity m the country but except for the varioub 
indemnities levied against China the increase would have 
been much less than it now appears 

C F Remer has made a study of the foreign trade of 
China and has presented less complete balances for several 
periods from 1871 on H19 figures for the years 1914 
to 1921 inclusive are as given below 

CHINA’S BALANCE OF INTERNATIONAL PAYMENTS, 191419211 
In Millions of Hatk^an Taels 

Debits Cri.d\ts 


Excess of merchandise imports 980 

Net import of silver 120 

Payments of interest and principal on loans and 

indemnities 350 

Net export of gold n 

Proceeds of new loans 350 

Emigrants’ remittances 

Investments by foreign indi\iduals and corpora 

tions 100 


1,350 I,IOI 


The actual foreign trade of China, considering only the 
larger items, is shown in the following tables of exports 
and imports 

PRINCIPAL EXPORTS OF CHINESE MERCHANDISE IN 1985 

Includes all commodities having a toted value of $5/x>0fi00 or over, 
in thousands of U S gold dollars, conversion rate, Hatkvfan tael 
equals $084, source Chinese Maritime Customs, 


Silk and ailk products 

$151,630 

Beans and beancake 

100,954 

Vegetable oils 

39,020 

Eggs and egg products 

27,730 

Cotton, raw * , 

^5.069 

Tea 

18,601 

Tobacco and cigarettes 

17.985 

Coal 

16, 8x1 

Nuts 

15,768 

Hides and skins 

14,163 

Wool ^ 

13,990 

Cotton, cloth and yarn 

13,1 la 

Tm slabs * 

10,134 

Furs 

, 9 , 9»8 

Seeds and seed cake 

9,513 

Meat and meat products 

9,605 

Bristles 

8,037 

Bran 

5,+75 

Carpets 


Total Exports 

$653,136 


1 *‘The Foreign Trade of CWna,” p aas Shanghai, 1926 
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PRINCIPAL IMPORTS INTO CHINA IN 1925 

Includes all commodities having a total ‘value of $^jOOO/)oo or over, 
in thousands of U S gold dollars, conversion rate, Haikvoan tael 
equals $0 84, source Chinese Maritime Customs 


Cotton and cotton manufactures 
Sugar 

Mineral oils 
Rice 

Metal and manufactures 
Tobacco and tobacco products 
Coal 

Fish and fish products 
Dyes, paintB and varnishes 
Wheat and -wheat flour 
Machinery 

Wool and woolen goods 

Chemical products including medicine 

Leather and leather goods 

Lumber 

Electric machinery and equipment 
Bags 

Railway materials and supplies, excluding rails 


$223,496 

7145* 

59^39 

48,504 

33.370 

21,907 

21,421 

19,159 

14,7+9 

13,3^3 

13,^70 

12,190 

8,849 

7 , 54 ^ 

7,313 

6,564 

6,441 


Total Imports 


$796,206 


In considering such figures it is to be remembered that 
much trade between north and south China is conducted 
through the port of Hong Kong, which is leased to the 
British, so that the trade through it is classified as foreign 
though in fact essentially coastal 

It wiU be noted that the country is even now a heavy im- 
porter of mineral products and of machinery and supplies 
made of metals Of coal, it both exports and imports In 
1923, It sent out 3,108,682 tons and received 1,366,108 
Ores and metals are exported as shown by tlie following 
figures for 1925, the values having been converted to gold 
dollars on the basis of 84 cents for one Haikwan tael, and 
the figures being taken from the reports of the Chinese 
Maritime Customs 


EXPORTS OF METAL AND 
Tm 

Iron ore and pig iron 
Antimony 
Tungsten ores 
Zinc Dies 


ORES FROM CHINA IN 1925 

$10, 134, OCX? 

4.568.000 

4 . 212.000 

939.000 

336.000 
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The primary sources of wealth, as is well known, are 
agriculture (including forestry and animal husbandry), 
fisheries and mining In the first of these the Chinese have 
long been held to excel and the diligence and acumen of 
Chinese farmers have been cited as examples to all the 
rest of the world time and again ^ Without attempting to 
pose as an expert one may doubt whether the millennium in 
agriculture has been quite reached even in China The sub- 
ject is too large for discussion at this time," but my own 
belief IS that opportunity exists for greatly broadening the 
field of Chinese agriculture and increasing food production 
In these days when so large a portion of the population of 
Western countries is crowding into the cities and leaving 
the farms it is worth serious thought that m China, and 
indeed in the Far East generally, there is an enormous popu- 
lation of industrious frugal people who prefer farming The 
possibilities of drawing on the East for a much laiger por- 
tion of the worlTs food supplies are too gieat and too im- 
portant to warrant indifference Food and other agricul- 
tural products may well m time form its chief exports 
In a recent instructive book/ Frank T Goodnow, presi- 
dent of Johns Hopkins University, and formerly adviser 
to the Chinese Government, referred to Chinese civilization 
as a ‘Vegetable'’ civilization,^ meaning thereby that the 
Chinese depend mainly upon the plant world for food, 
clothing and other necessities and luxuiies The same char- 
acteuzation could with nearly equal justice be made of Ori- 
ental civilizations in general Even the animal world is 
not so largely drawn upon for food as in the West owing 
to sentimental objections to eating beef and the widespread 
belief in the transmigration of the soul and consequent dis- 
inclination to kill cattle This is not, it is true, the whole 
story, the Chinese at least have convinced themselves that 
more babies can be raised per acre by devoting the land to 
cultivation of food for direct consumption by human beings, 
than by adopting the indirect cycle of feeding first to cattle 
In this they perhaps undervalue the ability of animals to 


1 See eepecially F H King ‘Tamers of Forty CeiUtincs ” Madison, Wis.» ion 
ilt U To he made tbe subject of ftirther itudv by the Far Fastem contereuce 
group of the Couticil on Foreign Relations ,, , , v. ^ 

3 F J G<iodilaw, ’'China, Au Analysis ' Johns Hojiklns PrdBe, Baltimore, joa6, 

4 Op dt, p 
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use as food rough vegetation not suitable to human con- 
sumption However that may be, animals are not as 
widely used for food as in the West, and Eastern peoples 
do in fact depend mainly upon the plant kingdom for food, 
clothing and implements A limited amount of metal is 
used in tools and, in China particulaily, houses are generally 
made of stone or soft burned brick Such heavy drafts 
have already been made through the centunes on the forests 
that it IS common to see a limestone slab used to span a 
ditch where a board would be employed m America Stone 
IS substituted for wood in many other uses Except, how- 
ever, for this forced use of stone in lieu of wood, the Chinese 
depend mainly on the plant kingdom, even generally using 
paper in place of glass in windows, though making of glass 
IS an ancient industry In other Oriental countries — Japan, 
Siam, Malaya — where the forests have not been exhausted, 
wooden houses are the rule and the people depend even 
more completely than m China on the plant kingdom In 
each, under the impulse of modern contact with the West, 
a beginning has been made in the utilization of mineral re- 
sources, but it is a beginning only, with the possible excep- 
tion of Japan where the per capita consumption of certain 
of the metals is now fairly comparable with that of certain 
European countries 

That a people should depend upon reproducible mate- 
rials for their well-being, rather than upon exhaustible le- 
sources, is not a matter for reproach It may in fact evi- 
dence a lofty and sound philosophy of life, but they work 
nonetheless under distinct limitations In our own country, 
when we depended upon the trees for wood and on animals 
for work and for leather, when we were content with the 
small amount of iron the Village blacksmith could handle and 
shape, we traveled for pleasure in buggies and we trans- 
ported our freight overland m carts or wagons Now that 
we have and use metals abundantly and that mineral fuels 
do our work for us, automobiles carry us m hours over 
distances we formerly traversed only in days, and trucks 
transport speedily great loads of goods such as formerly it 
wasj as a practical matter, impossible to exchange between 
communities Our railroads, our steamships^ our systems 
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of communication, these and many similar agencies have 
made our life vastly different from that ot our ancestors of 
a century ago and set it off as markedly from that of oui 
contemporaiies in many other lands 

The outstanding characteristic of the last century has been 
the world-wide rise in the standard of living and the ex- 
tent to which in Ameiica and Europe it has proved possible 
at least to appio\nnate that standard for the many rather 
than to exemplify it by the few In all ages theie have 
been the few who had wealth, the marvel of the present age 
IS the large number who have Tvhat, judged by the standards 
of any previous age, constitutes riches beyond dream limits 
The ordinarv man in America and much of Europe enjoys 
from day to day the benefits of possession by society, and 
in considerable proportion by himself individually, of goods 
and conveniences that were beyond the reach of the most 
powerful rulers of ancient times Quick transportation, in- 
stantaneous communication, unlimited artificial light, wide 
choice of foods, variety of dress, protection fiom unusual 
heat or cold, from contagious diseases, from physical dan- 
ger, relief from much sickness, all these and many more are 
common everyday possessions, and in the past none of them 
was common and most were unknown This profound 
change in the characteristics and conditions of life is rela- 
tively new In the days of the American revolution small 
bodies of soldiers walked long distances to fight with a lim- 
ited number of short-range arms Their supplies were 
transported in clumsy horse-drawn vehicles Communica 
tion was by messenger, and both the army and the people 
depended upon local supplies and household industry for 
manufactures Work animals, the wind, and a limited use 
of water power were all man had with which to supplement 
his own efforts When our ancestors came to this continent, 
the great wealth of fuels and of metals that has since flowed 
from the mines, lay dormant A hundred years ago it was 
present in even greater abundance than now, but it had not 
been put to use, and in the wide use of minerals lies the 
greatest difference between our own civilization and those 
which passed before as well as those now obtaining m 
Eastern lands 
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Little evidence exists to indicate that in general man eats 
moie than his ancestors did He merely eats more cer- 
tainly, more regularly, and m greater variety This regu- 
larity of supply and the freedom of choice of material is 
made possible by modern transportation through which the 
products of the world are brought to every man’s breakfast 
table, and transport rests on steel rails, steel cars, steel loco- 
motives and steel ships Had we now only sailing vessels 
and horse-drawn wagons, an Iowa farmer would never have 
bananas on his home table Before the present century, 
people ate almost exclusively food raised m their particular 
neighborhood, but the very absence of a wide net of trans- 
port lines made it, save in famine years, locally abundant 
and people ate heartily and cheaply In undeveloped coun- 
tries to-day, food is normally cheap and abundant but gen- 
erally lacking in variety and often deficient in quality 

As to clothing, too, 
while there has been 
some increase in the 
amount of goods con- 
sumed per capita, the 
mam change has been 
in the variety and 
quality of the goods 
The change has been 
less in the absolute 
amount of cloth than 
m the greater free- 
dom of choice the 
wearer might exer- 
cise in selecting his 
clothing Skins o f 
animals were doubtless first used, then came textiles woven 
from wool, cotton and silk Now rayon or artifiaal silk 
is making an increasing place for itself While style has 
supplemented utility m creating demand, the increase m 
total consumption per capita has probably been much less 
relatively than in the case of metals and minerals 

When, however, attention passes to other things — tools, 
houses, conveniences, and as already suggested, the means 



1870 The curves shovD marked increase per 
capita in mineral consumption^ andj since 
1900 , a measurable duposition to turn to 
vjheat for food 
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of transportation and communication — an entirely different 
condition is to be observed Modem man has a tool for 
every use, even tools that automatically make other tools 
His houses are larger, better built, more convenient, and 
more luxurious than any but the very few ot those of earlier 
days, and into even workingmen’s cottages have come gas 
stoves, bath tubs, electric lights, washing and ironing ma- 
chines, telephones, phonographs, and now the radio — all 
conveniences entirely unknown but a short time ago All ot 
these have been made possible by the free use of metals 
In 1820, this country produced and used only 5 pounds 
of pig iron per capita, but a quick and enormous change was 
wrought in the hundred years that followed, and in 1920 
the amount was 119 times as much, or ^97 pounds It has 
since increased even beyond this and touched a peak of 809 
pounds in 1923 In that year our output was moie than 
twice that of 1903 and nine times that of 1883 This in- 
crease m production and use is not singular to iron In 
the past 15 yeais, for example, the world’s copper output 
was as much as m all the whole of the no years before, 
and the demand made on our reserves of other minerals has 
corresponded In the summary report of the Committee on 
Foreign and Domestic Mining Policy, published under the 
authority of the American Institute of Mining and Metal- 
lurgical Engineers and the Mining and Metallurgical So- 
ciety of America, it is stated that "here m the United 
States the pei capita consumption of mineials has multi- 
plied 10 times in 40 years ” ^ C K Leith, ^ who has de- 
voted much study to this subject has put the matter m 
striking terms 

‘The world has used more of its mineral resources in the 
last twenty years than in all preceding time, and there is noth- 
ing to indicate a slackening of the acceleration which has oc- 
curred during this period The production of oil, for example, 
IS now as great m any one year as for the ten years preced- 
ing 1900 The last twenty-five years has seen as much 
gold production as the four hundred }ears following the discovery 
of America ” 


1 * 'International Control of MmeTalo,'^ New York, igas p, o „ t 

s C K, Leltli, Control of Mwcralf, ’ Foreign AffjLrft, New York. 

3t P S4t July, 


VoJ, 
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That this IS not true merely of the United States or of a 
few metals has been shown by studies summarized by F G 
Tryon and Lida Mann ^ as follows 

the hundred years from the close of the Napoleonic wars 
to the outbreak of the World War, the white population of 
the world increased three-fold, bijt the output of tm increased 
26-fold, of copper 63-fold, of the mineral fuels 75-fold, and of 
pig iron Over lOO-fold Lead and zinc showed a corresponding 
increase In 1815, aluminum and the ferro-alloys (nickel, 
vanadium, tungsten, manganese, and chromium) were known, 
if at all, as cunositics The mineral fertilizers also are a de- 
velopment of the nineteenth century ” 

The mattei of most significance is that not only the 
amount and variety of minerals consumed has increased 
enormously, but there has also been a rapid increase m per 
capita consumption Clearly the world is coming to depend 
upon minerals rather than on the products of the plant and 
animal kingdoms foi its power and its various conveniences 
and necessities other than food and clothing Even here 
mineral fertilizers have been powerful stimulants to the 
increased production that has been necessary to meet de- 
mand “ The world’s production of fertilizer minerals in 
1924 amounted to about 18,000,000 metnc tons 

The increasing dependence on minerals and the larger 
individual consumption of them is most striking m the 
United States According to figures courteously supplied by 
F J Katz of the United States Bureau of Mines, the per 
capita consumption of virgm copper, lead and zinc in this 
country m 1910 and in 1925 were as shown in the tabulation 
following From these primary figures have been deduced 
those showmg the percentage of increase m consumption per 
person From still other figures furnished by Mr Katz, 
the percentages have been calculated showing how much of 
our total consumption Is now drawn from new metal and 
y^hat pait of the world’s supply of these particular metals 
we now use, 

1 *Ti 4 lncrnl Rwource# for Future Population^** Poliak Publications Vol 5, ii4 
^ M L KWUA. haa discu^cd tbcM jnatters feffecavely in Relation pf Gov 

icttnumt to Inouitryr Macmillan & Co,, New York, 1935 See ^eclally tije chapter 
on "The Slgnl^cabce of Raw Materiald,’* pp 95 ijy 
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CONSUMPTION OF COPPER, LEAD AND ZINC, 1910 AND 1925, 
IN THE UNITED SLATES 



Coppi T 

Lead 

Zvnc 

capita consumption, poumls 




Virgin metal, 1910 

7 96 

8 35 

5 35 

Same, 1935 

13 42 

rr 67 

8 87 

Percentage of increase 


41 

66 

Percentage of consumption of virgin metal 

m 



1925 to total per capita consumption 

of 



same metnl 

63 

7 + 

90 

Percentage of total world output of new metal 



consumed in United States in 1925 

54 9 

46 

39 6 


These figures demonstrate clearly the rapid growth in 
our dependence on the metals, and also the fact that de- 
spite the enormous amount of old metal reclaimed and re- 
used each year (492,900 short tons of copper, 226,880 ot 
lead, 74,750 of zinc in 1925) we and the rest of the world 
are making heavy and increasing demand upon whatever 
constitutes the world’s reserve It is not only in America 
that the world is learning to lean heavily upon metals The 
wish to possess and the determination to have machines and 
implements made of metals permeate the whole woi Id 
There is a growing use of sewing machines, which are to be 
seen even in the native huts of Central Africa, and auto- 
mobiles are now found in every land These in turn need 
that the roads be made smooth for the host of machines to 
follow Elsewhere than m America and Western Europe, 
this tendency to require in quantity the product of the mines 
is as yet but beginning But the desire is present, and as 
knowledge of what has proved possible in the more highly 
industrialized portion of the wmrid spreads the resulting 
demand will tax the resources of the earth Spread of 
knowledge of how other people live is rapid and easy now- 
adays Traveleis, books, magazines, newspapers, cable 
messages, radiograms, the radio, and not the least, films, 
are carrying into every comer of the Avorld and to all its 
peoples, sharp pictures of what has been found to be feasible 
as regal db supplying goods to the masses by mass produc- 
tion No people are going to continue indefinitely to be 
satisfied with what they have so long as they believe it pos- 
sible to rival others who have more In varying degrees 
and at different speeds, the backward peoples of the earth 
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have set their mmds to winning for themselves the material 
equipment of the more highly industrialized nations Easy 

communication, quick 
transportation 'and 
mass production are 
changing the whole 
map of industry 
around the world 
The use of vegetable 
oil and animal fat for 
lighting purposes 
continued for centu- 
ries after the discov- 
ery of their utility 
The reign of kerosene 
as an illuminant was 
short and the use of 
electricity is increas- 
ing at a rate unheard 
of before It is not 
only that knowledge 
penetrates to remote 
villages and awakens 
desire, but the great 
volume of goods now 

Fio 2 Graph tllustraiing variation in per manufactured and 
capita consumption of the leading non-ferrous .1 1 

metals tn various countries To allovo all increasingly im- 

people the same amount per capita as the proving system of 
citizens of the Untied Sirttes would require 1 j j j. 

enoimons increases in total production distribution 

make it possible to 

supply the want almost as soon as it is felt 

It must be clear that for any country to create and main- 
tain a high state of industry of the type exemplified by the 
United States, it needs either to possess or to be able to buy 
immense quantities of the metals If mankind as a whole 
is going to enjoy railways, automobiles, steamships, sani- 
tary plumbing, telephones, radios and other necessities of 
modern peace time activity, to say nothing of the arms and 
equipment of modern warfare, serious gaps in per Capita 
consumption of metals as between the highly developed and 
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the less developed countries must be closed, as is indicated 
by the following table 

PER CAPITA CONSUMPTION OF ZINC, LEAD, \ND COPPER i 

(In pounds) 

Zinc 




u s 

11 K 

C nmany 

r rant i 

liiily 

Japan 

Average 

1913-14 

6 42 

8 73 

7 70 

4 08 

0 56 

0 23 


1933-24 

7 99 

6 6^ 

3 51 

5 T2 

0 59 

I 56 




Lead 





Average 

1913-14 

9 01 

9 35 

7 3 fi 

5 20 

I 99 

I 12 


1933-34 

10 55 

9 03 

3 34 

5 

I 57 

1 10 




Copper 





Average 

1913-14 

8 09 

7 25 

7 01 

5 33 

I IT 

I 16 


1923-24 

J3 19 

4 54 

441 

636 

I 46 

3 63 


The amount of the vaiious metals and minerals neces- 
sary to modern industry varies greatly Coal and non are 
measured in tons, platinum in ounces, and the difference in 
customary standards of measurement is indicative ot the 
relative amounts used It must be clear that to import by 
tons 18 more difEcult than to supply a countrv with materials 
of which a few ounces will suffice It is, therefore, more 
important both for peace and war to have within the limits 
of any country ambitious of industrial growth the ‘‘tonnage’^ 
minerals than the ounce or even the pound-measured 
minerals To import steadily matennls required in thou- 
sands of tons not only makes heavy diafts on shipping and 
foreign credits, but may well be a critical weakness in time 
of war To supply a nation with goods used m smaller 
quantity, even though of greater unit value, is not so serious 
a matter The United States uses platinum but does not 
produce it to any material extent, and that metal is essential 
to many important peace-time and war-time uses But m 
1917, enough platinum was smuggled out of Russia and 
into the United States m the hands of one engineer to save 
the situation Had this country not had its immense iron 
ore mines, coke ovens and steel furnaces, how^ever, it could 

1 Fiffurts tor the timted Statei, France* Germany and the United Kingdom taken 
Paff© 106 of the Year Bewk of the American Bureau of Metal Statistical 1925 
For Italy and Japan the corapntation was made with 10 r a ijl data leciirpd from 
MetRllgti(^i*chaft, tgaa -»4 data from the American Bureau of MeUl Statistics, lyas , 
population data trom The Stateaman'i Vear Book. 
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not have fought successfully legardless of its wealth in other 
goods Had our ports been blockaded, and had we lacked 
the wealth of minerals within our borders, we should have 
been forced to surrender Germany’s first move m 1914 
was to possess herself of iron mines of northern France 
and she fought the war with materials made from the ore 
of those mines Iron, then, is cleailv one mineral that must 
be present in abundance within the limits of any country that 
aspires to first lank m wai or industry, unless the situation 
be cleaily recognized and a continued stream of imports be 
assured by an equally steady policy of peace or sea control 

Iron 01 e without coke is virtually useless A limited 
amount of iron is still made by using charcoal and iron has 
been smelted by using anthracite but, having m mind speed, 
capacity of furnace and standard technology, no large iron 
industry can be expected to be developed except that based 
upon the use of coke Attempts have been made and experi- 
mental work IS now under way in various countries to pro- 
duce iron by direct reduction in the electric fuinace, or by 
first making sponge iron (for which purpose inferior coal 
may be used) and then melting that m the electric furnace 
This process is possible technically and, in whole or in part, 
will doubtless in time find application in special instances, 
but in speed, capacity and cost it does not compare with 
manufacture by the usual method of employing blast fur- 
naces and open hearth or bessemer converters A nation 
relying upon it could not compete m peace time, and in war 
would be smothered by the material turned out by a rival 
having an equal or even a less supply of ore but enjoying 
possession of coking coal The latter then is the second of 
the minerals that must be commanded in quantity by any 
nation that expects to play an important part in the world’s 
industrial activity 

The definition of coking coal changes from time to time 
with changes in technology, and it is possible to-day to coke 
and use m the furnace grades of coal not available a quar- 
ter of a century ago It is to be anticipated that as the 
years pass ways will be found for coking still other grades 
of coal, but there is no sound reason to suppose that methods 
will change suiEcicntly to make such coals generally avail- 
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able, and it seems probable that always puic coals, low in 
sulphur and with moderate amounts of volatile mattei, ^\ill 
furnish the bulk of the coke Such coals foim a relatively 
small part ot the world’s total reserve 

Ordinary coal, for use as fuel, is no less essential, though 
for power uses, hydro-elpctric power may be substituted so 
far as it may be available Petioleum also has come into 
this field and, not only as a lubricant and an illuminant, but 
now more than all else as a source of power m internal com- 
bustion engines, is essential to modern life and industry 
Substitutes produced as by-products in making coke from 
coal can take the place ot petroleum but, *is is always tuic in 
using substitutes, the introduction of another step m the 
process of pioduction increases the cost and handicaps the 
user Natural petroleum is therefore important if not abso- 
lutely essential 

The extent to which the work of the world is done by 
power and the difference in the amount used by various 
peoples IS not generally appreciated T T Read has re- 
cently made some interesting calculations of the w^orld’s out- 
put of work^ from which it appeals that the total measur- 
able amount of work done m fifteen countries with energy 
derived from coal, petioleum, and waterfalls is more than 
five times as much as the work done by the people of the 
same countries with their hands The ratio of hand labor 
to mechanical labor vanes from country to country In the 
United States, where the ratio is i to 35, it is as if each 
of us had 35 mechanical slaves working tor us It is this 
use of the energies ot nature to multiply the work of men 
that has permitted the rapid piling up of goods and the rise 
in the standard of living No people that would lead in 
industry can any longer depend upon the wmrk of then 
hands only. The waterfalls and the coal mines must be 
made to yield the force which does the hard physical labor , 
man serving rather to direct force than to supply force 
From every point of view the possession of coal m quantity, 
and if possible of coking quality, is essential 

In the chemical industries, which now play such an im- 


iTlidmas T ‘The World*h Output of F^iueenug, 

SSI, May, 1936, “Tae Ahicncan Secret/* Atlantic Moiithl>, March, loa? 
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portant part in our lives, sulphuric acid plays a role com- 
parable to that which iron plays in general manufacture 
It IS the most essential and widely used of the chemicals, 
the major peace-time demands being for ( i ) manufacture 
of fertilizer , (2) refining petioleum , (3) pickling iron and 
steel, (4) manufacture of nitrocellulose, nitroglycerine, 
celluloid and similar products, (5) general chemical and 
metallurgical pi oducts Approximately one ton of acid 
(50° B basis) IS required to treat one ton of phosphate 
rock in making superphosphate For refining petroleum 
approximately o 40 pound is necessary per gallon of oil 
Foi pickling steel sheets preparatory to galvanizing or trim- 
ming them, many thousands of tons are used every month 
In making explosives A E Wells and D E Fogg^ estimate 
the consumption as follows 

Pounds of Ac\d 
C hosed on loo 
Percent H2SO 
per pound of 
product') 

For manufacture of smokeies-^ powder from cotton 

1 inter 2 3 

For manufacture of T N T from toluol 2 a 

For manufacture of picric acid from benzol 62 

The large demand in industry may be illustrated by the 
fact that in 1914 the United States produced 3,800,000 tons 
(50° B ) having a value of nearly $25,000,000 When the 
armistice was signed on November ii, 1918, the plant ca- 
pacity was 9,600,000 tons and building on a large scale was 
under way 

Sulphuric acid is a low-priced commodity which does not 
appear as such m the finished product, so its importance to 
industry is rarely appreciated It is none the less abso- 
lutely necessary in quantity to any large industrial center of 
diversified manufactuies Its most essential constituent is 
sulphur, which in turn is found in nature not only as an ele- 
ment but in combination with iron, zinc, lead, and other 
metals In practice, sulphuric acid is made by burning brim- 
stone 01 roasting the sulphides and combining the fumes 
with moisture in plants suitably designed Sulphunc acid is 
heavy, and is difficult and dangerous to transport Before 

1 A E Wells and X> E Foffg*, **The Manufacture of Sulphuric Acid in th? United 
Stntea.’* BulL 184, U S Bureau of Mines, Kjao* F, 
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the war it was rarely shipped in the United States moie than 
200 miles If used in large quantities it is moie economical 
and safer to bring the sulphur to the place of manufacture 
than to attempt to move the acid itself An assured supply 
of sulphur in some form within a country is tlierefoie essen- 
tial to economic and strategic independence 

Aside from the mineials already discussed — iron, coal^ 
petroleum and sulphur — which in the main are the “ton- 
nage’’ minerals, there are many others essential to modem 
industry Just as a small amount of yeast must be used to 
make bread, so a few pounds ot manganese arc essential to 
making a ton of steel The amounts demanded ot these 
minerals are, however, smaller and in finished products they 
ordinarily enter m such minute amounts per unit that their 
cost IS a less direct mattei of concern to the user Tin, to 
cite one example, is a metal essential to many American in- 
dustries The United States consumes more than half the 
world’s output and produces virtually none, but, save m 
great emergencies, no gieat practical inconvenience lesults 
from America’s dependence on the Far East and Bolivia 
for its supply, and doubling the piicc has not operated to 
restrict imports Other essential minerals sporadically dis- 
tributed aiound the world aie used in such small quantities 
that dependence upon imports is feasible The ferro-alloy 
group, tungsten, manganese, \anadium and others, illustrate 
this situation They must be had, but possession of them 
alone will not peimit the foundation of a Luge industi^ and 
by trading, stocking or tempoiary substitution, a national 
shortage can usually be met 

The non-ferrous metals — copper, lead, zinc, aluminum, 
tin, antimony, mercury and others — fonn another group 
All are essential in \arving degrees and amounts If not 
present within a country they must be imported It hap- 
pens that in the pioduction of the first three, sulphur ordi- 
narily IS or may be derived as a by-product so that they 
form an essential portion of a nation’s economic and 
strategic defense While per pound they cost more than 
iron, coal, and petroleum, they are needed in smaller quan- 
tity and It is feasible to rely upon imports and still build up 
a considerable industry* England, France and Germany, 
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for example, are large importers of copper and to a less de- - 
gree of the othei metals mentioned 

The rare and piecious metals, including especially gold 
and silver, constitute still another class of minerals char- 
acteiized by compactness, ease of transpoit, and high ex- 
change value Gold mines are a bulwark to a nation, but 
other goods may be substituted for gold in trade and, in- 
deed, in putting labor and supplies into mining gold and then 
using the latter for international exchange, a process of 
condensation of goods to save transportation and storage 
charges is what really takes place While possession of the 
mines of Larium was a large factor in the greatness of 
Athens in what should have been called in return the ‘‘silver” 
rather than the “golden” age, the mines of the Rand did 
not save the Boers from defeat, and it is improbable that 
any virile nation possessed of other resources will miss its 
destiny from being forced to buy with other goods rather 
than mine its gold 

The non-metallic minerals, other than the fuels, consti- 
tute still another group They are characterized by bulk 
and correspondingly low unit value They are also wide- 
spread Sand, gravel, clay, stone, gypsum, cement materials 
— these and others of this group are found m most coun- 
tries and their extensive use is possible to most people 
While employing cement liberally as we now do predicates 
a previous use of fuel to convert limestone and clay into 
cement, the Egyptians and other ancients found it possible 
to erect enormous stone structures despite the absence of 
fuel and the limited amount of metal they had for making 
tools Adobe or stone houses are found in many countries 
where poverty is widespread and where minerals in general 
find only limited application It is not probable that any 
considerable nation will be seriously handicapped by lack of 
sufficient supplies of non-metallic minerals though many of 
them are essential in modern industry 

Any nation that aspires to industnal leadership or 
strategic independence must have or acquire stocks of many 
minerals If sufficiently rich m other materials it may de- 
pend upon trade for securing most of them, but unless it has 
within Its borders a supply of the “tonnage” minerals, coal. 
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, iron and sulphur or sulphides, it is under bonds to keep tlie 
peace 

While the countries of the Oiient are capable of yielding 
minerals and mineial pioducts in wide vaiiety, there is no 
warrant in our present knowledge 01 in the probabilities we 
may properly inter fiom it, foi consideiing them extiaordi- 
narily rich m minerals ^ Theie are iich deposits and there 
are extensive areas of mineralization The East, too, holds, 
at least for the present, a dominant position m production 
ot certain metals, such as tin and antunonv, but speaking in 
terms of comparison, the East is not known to be possessed 
of mmeial wealth comparable to that of western North 
and South America Probably Australia and Africa .ire 
also destined to be lelatively more important factors in 
supplying the world’s trade in mineral products than is the 
Far East It is to be remembered that on any reasonable 
hypothesis as to growth of modern manufacturing and com- 
merce the bulk of such mineral wealth as occurs in the Far 
East will be needed for home consumption, and the world 
m general is mainly interested m goods that enter interna- 
tional trade directly or indirectly — in short, goods forming 
part of the exportable surplus of each country Mineral 
wealth capable of being so used is to be tound in the East, 
and m amounts large enough to furnish a basis for most 
satisfactory individual enteipnses or even groups of enter- 
prises, but from the point of view of the larger world econ- 
omy the raw materials with which the East will pay for 
goods manufactured m the West must in the mam be food 
or related agricultural products 

The present contribution of the Far East to the world’s 
trade m minerals constitutes hut a small percentage, save in 
antimony, tungsten, and tin In the accompanying figure, 
the circles are drawn proportional in diameter to the per- 
centage of the world’s output of the pioduction in each case 
from the country indicated It will be noted that China 
furnished 80 percent of the antimony and 63 percent of 
the tungsten m 1924, while Malaya, Siam and the Nether- 
lands East Indies together supplied 60 percent of the tin. 

1 C, Ldth, Miiwal Resources uf the Far Fast ’ FarUgn Affaire, N Y 
April, JQ3&* 



22 ORES AND INDUSTRY IN THE FAR EAST 



Fio 3 Map sho^mna ihe percentage of the •world*: production of various 
minerals derived from Far Eastern countries tn 1924- 

To this China added 6 percent, Japan supplied 5 percent 
of the copper, no Eastern countiy furnished more than i 
percent of the world’s output of any other mineral Collec- 
tively the Eastern countries now furnish 4 percent of the coal 
and less than 2 percent of the steel made in the world 
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So much foi mining as now developed in the region, the 
practical question is what lesoiuces there are which remain 
to be developed 

China has long been believed to be a country of untold 
mineral wealth This belief, along with that of the general 
richness of the countiy owes much to the descriptions of 
Marco Polo In 1274-1295, when that enterprising Vene- 
tian traveled through the Fai East, China did suipass 
Europe in material wealth and general prospeiity, and in 
Marco Polo’s account of the wonders of what he saw in 
Cathay there are many references to rich gold and silver 
vessels as well as to other objects made of metal For cen- 
turies before Polo’s time the Chinese had been using the 
common metals, and while to this day they ha\e not come 
to employ them as freely m their industries as is customary 
m Europe and America, they even then used them widely 
Wherever the tiaveler went he found metals in use as 
widely if not more so than was then customary in Europe 
It was a natural assumption that the quantity of metal and 
of the minerals from which it could be derived was large in 
that part of the world Latei tra\clers confirmed rather 
than questioned this conclusion In particular, Baron Ferdi- 
nand von Richthofen established firmly in general confidence 
the belief that China’s resources of non and coal w^re un- 
limited Von Richthofen’s desciiption of the coal and iron 
fields of Shansi has often been quoted and it probably has 
had more influence than anv other single piece of writing in 
establishing the widespread belief that China possesses the 
^^untold mineral wealth” in which after-dinner speakers 
have such firm faith Unfortunately, more recent investi- 
gations hav^e failed to substantiate conclusions drawn from 
the earlier work 

H C Hoover, who with a considerable staff, studied 
North China before 1900 under the auspices of Li Hung- 
chang and the Imperial Government, found that as regards 
gold, copper, and related metals- the area was generally 
poor rather than rich With the exception of a few locali- 
ties he found little to encourage hope of developing a large 

1 H C Hoover * Mttal Mmitig m llw; Pro\mc« o£ Chihli and Sliatitung Chjua " 
liiBtltution of Mining and Metallurgy (LaiuIaiO* Vol 8, 1895 1900 
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modern metal industry In the Yangtze valley a less elab-<^ 
orate investigation conducted by Pope Yeatman in 1903 led 
to disappointment ^ In the Southwest, the first glowing ac- 
counts of mining wealth made by French engineers in ad- 
vance of the building of the Yunnan railway were revised 
when subjected to more exact observations and careful 
analysis When the Pekin Syndicate was formed there 
were large expectations of profits from the introduction of 
modern methods in the Shansi iron fields W H Shock- 
ley’s “ studies showed, however, that the iron orebodies were 
individually limited as to extent and the whole mode of oc- 
currence was such that there could be no hope of feeding 
large modern blast furnaces from them The Pekin Syndi- 
cate therefore wisely parted with its Shansi rights and has 
confined attention to developing coal in Honan The cumu- 
lative effect of those various investigations, and only a few 
out of many have been cited, has been to induce among 
foreign and the better informed Chinese engineers a healthy 
skepticism as to the extent and value of China’s mineral 
wealth ® 

While this view has not yet influenced the general public, 
nevertheless — coupled with the disturbed political condi- 
tions, and in part the unsatisfactory condition of Chinese 
laws legardmg mining — it has acted as a strong influence 
against any active development except of coal mines The 
only large mining enterprises in China in which foreigners 
have taken part are half a dozen coal companies The 
Japanese have a couple of iron and steel works in Man- 
churia, at Anshan and Penhsihu, and control blast furnaces 
at Tayeh The Chinese have built up an important anti- 
mony company and one iron and steel producing plant of 
siye Two other blast furnaces have been built but are 
not opeiating at present There are gold and tm-minmg 
districts that in the aggregate yield considerable metal but 
Chinese mines are small mines, as measured by those of 
other countries, and of the approximately $50,000,000 air- 


iMmltig and Sdcntific Prw^, pp ^70 373 San Francisco, 1913 

2 W H. ShocUcy “Notc» on the Coni and Iron Fields of Southoturtern Shanai 
China’' Tians A I M E Vo) XXXJV, pp &41-871 1904 

3 See the \Tirious rcTOrts of the Geological Survey of China and a general summary 
by C y Wang on “The Mineral RcBourccB of Chin^” read before the ChirtA Instf 
tute of Mining and Metallurgy and printed by the Tlentaln Press 
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nual output, it is estimated by the Geological Survey of 
China that the largei part comes from small nitive mines 
The universal error made by the eaily observers was to 
mistake widespread occuirences ot minerals foi abundance 
In point of fact the greatei number of orebodies known 
are of small dimensions and only adapted to the simple, low 
capital cost method of mining followed by the Chinese 
Native workmen, mining at seasons when they are not 
needed on the farms, are satisfied with a smaller wage than 
would be possible if the work weie continuous ind formed 
their only source of suppoit So with their crude appliances 
and diminutive furnaces the Chinese have been able to oper- 
ate mines that would not now be considered in Western 
countries The bulk of the mining so tar done, being on 
small orebodies, is properly enough accomplished by 
methods that have long been out of date where large-scale 
mining is the rule Fiom the point of view of probable 
mineral production the part of China which is open to ex- 
ploration and development now, or which seems likely to 
be so open within the next tew years, is comparable rather to 
that part of the United States cast of Chicago and St Louis 
than that west of Denver One familiar with the histon" 
of mining in America and cognizant of the multitude ot 
mineral prospects in the southein Appalachians and the de- 
ference in development from that m Montana and Arizona 
will realize what this means There is another China, a 
region of great deserts, high mountains, and abundant erup- 
tive rocks, but it is far in the west It is a region of high 
altitudes and sparse population offering enormous obstacles 
to railway building and no inducement likely to cause com- 
pletion of lines through it for many years to come So far 
as competent exploration has gone, there is yet no definite 
information of large orebodies, but in a number of dis- 
tricts the geolog}^ is similar to that in the Cordilleran region 
of America and it is entirely possible that major mines of 
gold, silver and the non-ferrous metals in general will ulti- 
mately be developed in this region 

A widespread but mistaken impression prev'ails that the 
resources of the Far East are largely unknown and almost 
wholly unmeasured. In fact^ mining was a flourishing in- 
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du&try m the Orient before our own ancestors had learned' 
to burn coal, and in the case of minerals for which the 
peoples had use, the outcrops of the orebodies have long 
since been mined away One of the major difficulties in 
applying modern methods to Eastern mines is the extent and 
uncertain position of ancient workings In every important 
mining district from Japan to Java ancient workings are the 
guide to the finding of ore» The ancients, it is true, had 
no use for tungsten and a few other minerals which we 
ourselves have but recently begun to use, and as a result 
surface deposits of such minerals have only recently come 
to be mined Neither did they have use for petroleum or 
knowledge of how to obtain it m quantity It wiU be re- 
membered that our own development of a petroleum indus- 
try began only in 1859 It is not surprising, therefore, that 
such petroleum fields as exist in the Far East are mainly still 
to be found and developed But for the coal, iron, and com- 
mon non-ferrous minerals the reverse is true No reason 
exists to anticipate the finding of great deposits not already 
indicated by the ancient workings Until recently an ex- 
ception would have held true as regards iron ore since the 
ancients depended upon deposits of no value under modern 
conditions and failed to recognize the t5^es of ore that 
feed modern blast furnaces The past twenty yeais has, 
however, seen an mtensive search for iron ore from Siberia 
to India, and since an iron orebody suitable for modern 
industry must contain millions of tons, it is suffiaently large 
to preclude many being overlooked when intelligently 
searched for by competent engineers It is further to be re- 
membeted that iron ore has value only when situated where 
It can be used A large body of high grade ore m Tibet, 
m the absence of coking coal in particular, might almost as 
well be m the moon so far as any probability of its use by 
man is concerned Tonnage minerals, to enter into in- 
dustry require transportation, manufactunng facilities, 
water, markets and many other subsidiary things Part 
of these may be present, it may be physically possible to 
supply any or all of the others, but none the less a steel 
plant in the heart of the Gobi desert, to cite an extreme 
case,, would have a hard time serving mankind It is also 
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‘true that changes in technology may be expected in the 
future, as m the past, and no one can say surely what may 
be true a few centuries from now But it is also tint that 
no considerable bodies of ore are known in the Far East 
that are not reasonably amenable to present processes and 
that, for present purposes, studies that thiow certain light 
upon the course of events to be expected in the next few 
centuries or even the next few generations, are sufficiently 
useful 

It has been said that a large body of tact now exists as 
regards the ore deposits of the Far East It is in the mam 
embodied in technical publications or in private reports 
made to mining companies or exploring syndicates The 
knowledge that is in the hands of the general public is 
largely that found in general books on the various coun- 
tries, almost none of which were written by geologists 01 
engineers The writers had only secondary information, 
most of it being inaccurate and seen through a golden haze 
of tradition The more scientific and exact data collected 
m recent years have not yet found their way into general 
literature 

Any estimate of the mmetal resources of a region must 
be based upon a knowledge of its geolog\^ and for the Far 
East there are two great outstanding sources of data, both 
— as it happens — based upon studies in China These are 
the works of Ferdinand von Richthofen^ and in the itport 
of the Carnegie Institution - Von Richthofen was misled, 
as later detailed, into imputing larger economic importance 
to certain of the deposits than present knowledge permits, 
but his report is the great early classic on the geology of 
the largest country in the Far East Willis’ report is a 
comprehensive firsthand study by highly competent ob- 
servers of the more critical areas From these, with his 
world wide knowledge, he has generalized helpfully as le- 
gards regions less carefully studied by his staff or known 
only through reports by others It was not his purpose to 
study ore deposits as the object of his investigations was 


1 Cbiiitt Enrebnlflsc ngencr Rciwn uoa Uarauf gej^rflntltten Studieu 
Letters 1870 187a to the Shanghai Chamber of Commerce S« EiL 
a Research In China, Wflllh, B, BlackweliJcr, p,, and Sargent, K 
I 3 Carnot Institnuon, Wwinatoni 1907 19 >3 


Bt'rhiJ* 1877, 
Shanghai, lyoi 
H VoJumcM 
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scientific research only, but Willis i& a mining engineer as 
well as a geologist, and after his return summarized existing 
knowledge of the mineral resources of China most help- 
fully ^ Many other works of importance exist, a number 
of which will be cited in this text as they are referred to, 
but no attempt has been made to compile a complete bibli- 
ography A list selected by J W Fiey appears later 
For most of the countries, Siberia, Japan, China, Indo- 
China, Philippine Islands, Netheilands East Indies, Feder- 
ated Malay States, modern geological survey staffs have 
now been at work for some years and have issued numerous 
reports of high value that are generally accessible m tech- 
nical libraries A number of them will be specifically men- 
tioned later The researches of the Geological Survey of 
India have thrown much light on Yunnan * This same 
province has been studied and restudied by members of the 
Geological Survey of Indo-China Many foreign geologists 
and engineers have studied individual districts or mines and 
m most instances have been able to publish the results of 
their obseivations, or their reports have been accessible 
to the author of this book Also, there is a growing group 
of well trained native engineers who are contributing 
rapidly to accurate knowledge of the region Among those 
who have added to the knowledge of China there may be 
mentioned J G Andersson, P Brossart, F G Clapp, W 
F Collms, N F Drake, M L Fuller, H C Hoover, K 
Inouye, W Koert, H Latenois, M A Leclere, R M Ray- 
mond, T T Read, W H Shockley, F R Tegengren, E C 
Thurston, V K Ting, C M Weld, C Y Wong, W H 
Wong, Pope Yeatman, M B Yung, and the staff of the 
New York Orient Mines Co The latter, an American 
syndicate, headed by Col William Boyce Thompson, be- 
tween 1916 and 1925 carried on a comprehensive study of 
the nuncral resources of the Far East under the direction 
of John Wellington Finch who has kindly consented to the 
use here of the material collected at large expense by that 


1 Bailey WiUifl, "Mineral ResooreeB of Ctuna," Hcotioaaic Geol 6 gy, Vqlumd III| 

pp iftoS 

2 J CljMin Brown, "ContributionB to the Genlo^ of the Province of Vunnan, In 

Wcatern Chln^u" Recordi, Geol Surv India VoT XLIII, p 3# j>p 173538, 191a 
^no and Mmendi of Yunnan, South China " Mem Gw Surv India, 
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Company At various times in the course of the work the 
staS of this Company included in addition to Mi Fincli, 
himself a widely experienced and most capable mining 
geologist and engineer, Fred Searles, Jr , Geoige O Scrnfe, 
T R Drummond, Norman L Wimmlei, J E Tohnson, 
Jr, Marshall D Diaper, Edwin W Mills, G H Cady, 
Roger Gannett, and the author of this book, wdio for three 
years served as chief of explorations and toi a longei period 
was a consultant Messrs Drummond and Wimmler 
came to the staft from nearly two years’ similar study of 
the Philippines for an associated ginup, and the petroleum 
resources were later investigated by geologists in the ser\ice 
of a friendly corporation An adequate staff of foreign 
trained Chinese assistant engineeis was employed and at 
one time a large number of dull men and mining (Engineers 
was tempoianly employed m a detailed study of ceitain 
ancient workings in Yunnan The studies made by this 
Company were probably the most comprehensive ever con- 
ducted by a private company in the Far East and the nu- 
merous reports made in the course of the woik have been 
freely drawn upon in the preparation of this volume 

In the prepaiation of this manuscript the author lus had 
the constant assistance ot J W Fiey, of the University ot 
Wisconsin, who has compiled the tables of statistics, the 
general bibliography, and has verified the references Willys 
R Peck, long the Chinese Secretaiy of the American Lega- 
tion at Peking and now on detail at the State Department 
m Washington, has kandly checked the spelling ot Chinese 
names W B Heroy, of the staff of the Sinclaii Con- 
solidated Oil Corporation, has furnished the chapter on 
Petroleum, and Wilber Judson, of the Texas Gulf Sulphur 
Co , has kindly read and criticired the chapter on Sulphur 
Thomas T Read, formerly a member of the faculty of the 
Pei Yang University at Tientsin and my long time associate 
m various positions, has performed a like service tor the 
whole manuscript 



CHAPTER II 

COAL FIELDS OF THE FAR EAST 


Coal, as already indicated, constitutes the most im- 
portant mineral for any industnally-minded people It has 
been called the mainspring of civilization and in very truth 
it is the most powerful agent man has seized upon to do his 
work Two pounds of coal properly utilized will do the 
work of one man one day and a long ton is equivalent to 
about 1 100 man-days of work By calling to their aid the 
stored energy of this mineral peoples multiply their eSective 
population without making corresponding drafts on their 
food supply Petroleum, water-power, the wind, and work- 
animals all aid man in a similar manner, but to a less de- 
gree The first will be separately considered, but m the 
table below is placed the population of a number of coun- 
tiies and their equivalent effective population or work out- 
put, as measured by man power times per capita mechanical 
power used 


population and work output 

Population figures for the year igal, *wori output on the basis of 
population plus equivalent man povoer produced from <waier-po*ioer and 
fuel, stated tn terms of man-days per year including human and me- 
chanical voork, figures tn thousands, the *^ooo** being omitted 



Population 

IVorh Output 

United States 

105,711 

358o5i59<5 

United Kingdom 

44,169 

1,060,056 

Germany 


897)795 

China 

427,679 

513)314 

India 

247^003 

345)804 

France 

39,310 

341,137 

RusBia 

143,038 

313)057 

Canadd 

8,78s 

193)336 

Czechoslovakia 

13,611 

156,5^6 

Belgium 

7,466 

141,854 

Japan 

5 S. 9 fi 3 

X23,ii8 

Italy 

38,901 

xio ,593 

Poland 

*7.558 

Ii 5 i 743 

Australia 

5436 

54)3 60 

Holland 

6,865 

51)487 


30 
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This table is based upon calculations made by Thomas 
T Read ^ and while be has made various assumptions of 
equivalence concerning which minor differences of opinion 
are permissible, the figuies may be accepted as representing 
the essential facts in the right order and proportion It 
makes clear what an enormous advantage any country has 
which contains within its bolder important coal fields and 
how seriously any othei country is handicapped if it must 
import Its coal 

The per capita consumption of coal varies greatly in 
different countries being mainly a function of their relative 
industrialization The people of the United States and ot 
Great Britain use about the same amount, on the average, 
for domestic heating but foi power production and metal- 
luigical industries theie is a marked difference In the 
table below, the figures for various countries in recent years 
are given They illustiate the gi owing use of coal and the 
differences in average consumption as between different 
countries 


PER CAPITA CONSUMPTION OF COM^ 
(In loTtj of 224.0 pounds) 

Umted Untied 



Ktnifdotn 

States 

Bdoium 

Gt rmatiy 

I rance 

Italy 

Japan 

Aujjw 

I8S6-90 

3 66 

z 04 

2 28 

X 18 

0 82 

0 12 

003 

0 06 

1891-95 

3 68 

2 38 

2 39 

I 30 

093 

0 13 

0 05 

0 08 

1896-00 

3 93 

3 72 

2 69 

x 56 

I 08 

0 14 

0 09 

0 12 

1901 OS 

3 93 

3 67 

2 82 

I 69 

I 15 

0 17 

0 12 

0 15 

1906-10 

404 

4^43 

3 10 

2 00 

I 34 

02s 

0 19 

0 18 

1908 

3 99 

4-05 

305 

3 03 

1 35 

0 24 

0 19 

0 19 

1909 

3 99 

4.41 

3 01 

2 00 

I 38 

0 26 

0 20 

0 19 

1910 

4.01 

4.72 

3 2 X 

I 97 

I 39 

0 26 

02t 

0 17 

1911 

4,08 

4 54 

3 ir 

2 00 

I 44 

0 27 

024 

0 19 

191a 

3 83 

4.82 

3 35 

2 12 

I 48 

0 38 

0 26 

0 32 

1913 

414 

504 

342 

225 

I 56 

0 29 

0 28 

036 

1920 

3 99 

5 15 

2 99 

I 71 

l 43 

0 14 

044 

006 

i9ai 

273 

3 97 

2 66 

I 80 

r 28 

0 18 

039 

007 

1922 

342 

381 

3 21 

i9t 

1 51 

0 22 

042 

008 

1923 

3 62 

5-09 

3 72 

r 27 

r 68 

022 

5 

0.09 

1924 

3 85 

4.40 

4^7 

r 69 

I 89 

0 27 

5 

0 10 


1 “The World i Output of Work/’ Mechanical Engineering, p 531 May, ipaG 

2 Source Coal Tablci, loiu Parliamentary Paper No 285 H M b O Lond 
1014, Coal Tables, 1924 Parliamentary Paper No 16S, H M S O Loud, 1935 
'liia co*l coninrapticiu In the United States hea been reduced recently as a result 
of the larger use of fuel oD and more efficient methods of burning 

8 Not uToilable, 
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Statistics are not available foi presenting the per capita 
consumption of the Far Eastern countries other than Japan 
In China, the coal output in recent years has langed from 
18,000^000 to 25,000,000 tons On the basis of the latter 
figure and accepting the estimate of 400 million for the 
population, the consumption would be at the rate of 14 
pounds pel capita per year The corresponding figures for 
consumption in the United States m 1926 would be 12,000 
pounds 

The present state of the coal mining industry m the 
various Far Eastern countries is reflected m the following 
table showing the production m recent years 


COAL PRODUCTION IN THE FAR EAST^ 
(In thousands of metric ions) 



Japan 

C!i\na 

Nciherlwnds 
East Ind\es 

Indo- 

Chxna 

Federated 
Malay States 

1921 

27,675 

19,872 

1,212 

920 

304 

1922 

29,481 

I9i954 

1,032 

988 

286 

19^3 

30 j 9 +i 

22,681 


105 

323 

1924 

33,^13 

20,524 

r,47o 




With differing rates of consumption and with wide dif- 
ferences in the number of people to be provided for, the 
matter of reserves becomes one of first importance In the 
table following the estimated reserves of vaiious countries 
m the world are given, these figures being based upon the 
compilation made for the International Geological Con- 
gress which in 1913 made a general suivey of the world’s 
coal resources- Such estimates are subject to correction 
andl revision as information accumulates They arc less 
exact in the countries less thoroughly surveyed and that situ- 
ation obtains as to the Far East They do, however, 
represent the best information available at the time and 
warrant serious consideration The special corrections that 
should be applied to the countues herein discussed will be 
noted separately and later While later studies have 
changed the absolute figures, the general order is correct 

1 Sour^j m Tap^in*' p 33, Asaodatlop of Mine Owners^ ^936 

ChLlna 1933, W R Wong in CHW Year Book, Other figured from "Mineral 

Industry, 19^5 

2 Reaonrcc^ of the World," Vol i, p I65^ 'Toronto, 1:913 
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ESTIMATED PROBABLE COAT RESERVES i 


United States ^ 

3.838.657 

Cbtna, including Mnnehurtn 

096,795 

Canada 

819,465 

Germany 

163,51 6 

Australia 

163.253 

Poland 

155,652 

India 


Russia 

60,037 

United Kingdom 

48,034 

Czechoslovakia 

25.953 

France 

13,079 

Belgium 

11,000 

Japan, including Korea 

8,051 

Holland 

4 J 93 

Itnl> 

1 91 


The small table belo^ includes a statement (jt pro\ed and 
probable reserves for the Far Eastern countries where 
such estimates weie made by the International Geological 
Congress In Siberia, there arc extensive coal fields, though 
mainly in the interior, and in the Philippine Islands, Siam, 
tlie Malay States, and Netherlands East Indies, there arc 
fields in the main of low-grade coal but no numerical esti- 
mates are available The figures here presented do not 
discriminate as to the grades of the coal, but of the “actuaf’ 
reserve of China 8,883 million tons is considered to be 
anthracite or semNanthracite and 378,581 to be bituminous 
Very little of that here included is below this in giade 
Japan has little anthracite and about 10 percent of the 
‘‘actual’’ reserve is of sub-bituminous 01 lignitic giade The 
probable reserve of Indo-China is all classed as anthracite 
or semi-anthracite 

COAL RESERVES OF THE FAR EAS V 
{In mtllions of meinc tons') 



Pnr L d 

Prnhahle 

Total 

China 

18,666 

976,941 

995.587 

Manchuria 

409 

799 

1,208 

Japan, including Korea 
Indo-Chma 

981 

7,070 

8,051 


ao,oo4 

20,002 


From these figures it is apparent that China Is believed 
by geologists to contain one of the great coal reserves of 

1 Erotti figurOB compiled, for the International Geological ConffTCHs in rgij, in 
■ndlHons of metric terns The figurw have been rcdistributcil, nccesiarr, to coo 

form to poat-war divisions of ttrntnrv 
8 AIa»Ja included Alaska <16,^93) 
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the world and much the largest amount known m the 
Orient It will be convenient, therefore, to begin with a 
consideration of the Chinese coal fields 

In order to understand the occurrence of the mineral 
deposits of any country it is necessary to have in mind its 
geology While no attempt will be made here to present 
this subject save in the bioadest possible terms, a general 



outline has been prepared and inserted to avoid repetition 
m the various succeeding chapters 

It may be helpful first to present a few general facts as 
to the position of China If a map of the Republic, includ- 
ing the great dependencies, be superimposed upon one of 
North America drawn on the same scale, the result is as in 
the figure below, Mercator^s projection having been used 
in both cases for convenience 
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The latitude has been faithfully preserved but the longi- 
tudes altered to bring Peking in about the same position as 
Columbus, Ohio On this basis Shanghai would fall east of 
Jacksonville, Florida, and Hankow not fai from Mobile 
It will be noted that China covers a larger area than the 
United States, extending further to both north and south 
The most significant difference is the fact that China has 
but the one sea coast and that its Far West differs from 
ours in having no outlet save by long overland journey 
The principal north-south railway m China, the Peking- 
Hankow, runs in a position corresponding in a way to one 
which might extend from Columbus to Mobile 

The larger part of Chinese territory is comprised in the 
dependencies of which Manchuria, Mongolia, Turkestan 
and Tibet remain partly under Chinese control Formerly, 
Korea and much of Indo-China also belonged to the then 
Empire At vaiious times in the past these several coun- 
tries have been won and lost The eighteen provinces 
which constitute China proper correspond roughly, in ex- 
tent and relations to the ocean, to that part of the United 
States lying east of a north-south line through Omaha 
There is, however, a most important difference in that, 
whereas the greater portion of the area m the United 
States indicated, consists of fertile prairies and level river 
lands, the corresponding region m China is prevailingly 
mountainous According to Eliot Blackwelder,^ less than 
one-tenth of the area is even moderately flat, while Bailey 
Willis makes the statement that the great plains of the 
Yangtze, Yellow River, and even southern Manchuria com- 
bined only equal some 200,000 square miles as against 
1,200,000 square miles of hilly to mountainous land m the 
remaining area under study The part of China which is 
easily accessible and which is usually visited by tourists is a 
great fertile bottom-land similar to the lower Mississippi 
Valley, but this is by no means representative of the larger 
part of China and many eironeous conceptions of the coun- 
try and the people are widespread because of failure to 
comprehend or to remember the fact 

1 ^‘The Geoloffl^ History of Quna and Its Influence Upon th.e Chlneat People,” 
Pop Sci Mes, Tcb,, xpjs 
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Making further rough comparisons we may think of the - 
great plain of eastein China as extending west to some 
such position as Pittsburgh in the United States and being 
met theie by the mountains separating the plain of China 
from the prairies of Mongolia and Siberia, which would 
reach out to the coast at about Boston In the south, in 
place of Florida and the northern half of the Gulf of 
Mexico, would be another mountain area, in which the 
altitudes would be less but the local relief equally pro- 
nounced This mountainous country would curve around to 
the west to meet the other belt already indicated as reach- 
ing down from the north Out in the big plain so indicated 
there are isolated fringing hills on the west and south while 
m the pro\ince of Shantung a gioup of important moun- 
tains rises above the plain in position that would correspond 
roughly with Eastern Virginia S/echuan, a great basin 
m the heart of the mountains, would occupy a position cor- 
responding somewhat to that of Arkansas and Eastern 
Oklahoma Mongolia, Turkestan and Tibet he so far in- 
land and are so inaccessible that no general discussion of 
them need be entered into here 

The climate of China by no means corresponds part for 
part with the areas of the United States indicated above 
In the noithwest it is dry and the winteis are severe, as 
m Montana and Wyoming In the southeast it is humid 
and semi-tropical, and approaches the conditions in the 
Philippines These are the extremes 

In 1914, D F Higgins summarized the existing avail- 
able geological knowledge regarding China m a small 
pamphlet for private circulation Below is the general 
table of formations that he compiled, with changes to con- 
form to later knowledge of the Tertiary especially^ 

The greatest unconformities, marking periods when the 
sea left the area and mountains peihaps were formed, occur 
(l) above the Archean, (2) above the Eo-Pioterozoic, 
(3) above the Neo-Proterozoic, (4) above the Cambro- 

1 An c:t6eUcTit gcaerol aketch of tlie Geology of China by W H Wong appeora 
m *'The China Year Book,” igas, pp 6s 78 Ttentnu, lyjs A rmilaf sketch, 
togellier with anramanes of the varioua cstiinates of coal rcsenre* and brief conunent 
on them, ^poars in "A Geographical Study of Coal and Iron in Cimta," by Wilfred 
South (The Umveraity Prert of Liverpool Ltd., Hodder and Stoughton, London, 
i^a6, 83 and maps ) 
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Quaternary 


Recent 

Pleistocene 


Cenozoxc 


Period of making present moun 
tains 


Paleozoic 


Proterozoic 


Archeozoic 

(Archean) 


J 

^ Pliocene 
Miocene 
Oligoccne 
Eocene 

Scattered clays and lignites 

Not certainly identified 

Minor beds Manchuria to Shansi 
Fouml in scattered sunken arena 
in North China 

CretaccouH 

1 Not certainly identified in China 

Jurassic 

Trnssic 

Permian 

j The Permo-Mesozoic system of Chin i 

^Carbomferoii, { 

The Carboniferous of China 

Scarcely repreaented in China 

'' Devonian 

Silurian 

} 

The Stluro-Devonian system of China 

Ordovician 

Upper Scarcely represented in China 

Cambrian 

Lower 

The Cambro Ordovician (Smian) 
system of China 

[Neo-Proterozoic 

The Nankow series of North Chine 

tEo Proterozoic 

The Wu t’ai senes of North China 

f Laurentian 

1 Keewatin 


1 The Tai-ahan complex of China 


Ordovician, (5) local unconformities may be found at dif- 
ferent horizons in the Permo-Meso/oic and a great one 
follows the Jurassic It is uncertain whether or not there 
IS an unconformity between the Devonian and the Car- 
boniferous 

Archcan * — ^According to Wilhs,^ this term has been 
used m China, as it has frequently elsewhere, to cover vari- 
ous mctamorphic but usually ancient rocks Generally, it is 
applied to any highly mctamorphic or igneous rocks which 

1 Research in Cluna Carnegie Institutluu, W^Wngton, 10071913 
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are older than the oldest clearly recognized sediments pres-^ 
ent It has thus been made to do duty for rocks really of 
T^idely different age Moreover, intrusives which are pres- 
ent have been grouped with the schists although clearly 
younger and possibly very young Nevertheless, there is 
m China as elsewhere a certain fundamental complex which 
It IS possible to discriminate, at least in part As described 
by Wilhs m Shantung, the old complex consists “chiefly of 
metamorphic schists and gneisses of indeterminate original 
character, associated with them is a large proportion of 
metamorphosed igneous rocks and a very small proportion 
of metamorphosed sediments The metamorphics are in- 
truded by granites which are relatively young, though m 
large part, probably pre-Cambrian in age The structure 
of the gneisses and schists is exceedingly intricate, it is 
characterized by universal schistosity, by a common band- 
ing, by complex shearing, thinning, thickening, plication, 
and flow of bands, and such an intricate arrangement of 
the veiy variable petrographic facies of the schists and 
gneisses as makes impossible any easy stratigraphic studies 
In a general way the Archean rocks correspond to the lower 
Huronian and Keewatin of the Lake Superior region 
They underlie much of southern Manchuria, northern 
Chihli, Shansi and considerable areas in Mongolia They 
outcrop m the Shantung mountains, and m the Tsmltng 
Mountains in Cential China and Nanshan in the south 
there are areas of ancient rocks which it has been customary 
to correlate with the Archean, though just what part is 
truly of that age is not now certain 

Algonhan — The correlatives of the rocks of this system 
as defined in the United States seem to be widely distributed 
in China In part, they have been previously considered 
to belong to the Archean but mainly they were placed by 
Richthofen m the ^^Unterstmsch” and regarded as Paleozoic 
in age Wilhs separated them from the rocks above and 
below and described them with espeaal fullness as de«- 
veloped in northern Shansi He called them the Huto 
hut suggested their probable equivalence to the Nankow of 
Richthofen, a correlation since verified by Higgins The 
rocks consist of a series of slightly altered quartzites, 
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slates, and siliceous limestones Willis disci iminated three 
senes within the system hut these have not been separated 
elsewhere In general, all the pie-Cambnan has been 
mapped together Many of the rocks arc similar to the 
Upper Huronian of the Lake Superior country, otheis 
resemble the beds found in the Coeur d’Alenes and other 
pre-Cambrian aieas in the western States The pre- 
Cambrian as a whole is more widely distributed than is 
the Archean alone and outciops in Manchuin, Mongolia, 
Chihli, Shansi and Kansu in the noith, whde in the south 
and west rocks supposed to be of this age aic found from 
Fukien to Szechuan 

Canibi o-Ordovtaan — While careful sti atigraphic and 
paleontologic studies permit separation of the Cambrian 
from the Ordovician m a tew districts, the two are generally 
not distinguished but torm one great system known as the 
Sinian It consists dominantly of limestones and dolomites 
but includes also red and green shales wdiich are moic 
abundant in the lower pait The Smian limestones may he 
generally discriminated in the field from those that are older 
by the presence of fossils, of gray and red oolites, and 
their prevailing darker color They are also generally 
free from chert The formation is thick and is widely dis- 
tributed m central and northern China In the south, it 
is more generally buried There is in North China, marked 
unconformity at its top 

Silurio-Devoman — Rocks belonging to both the Sdnnan 
and Devonian occur along the Yangtze and through the 
south but aie generally absent in the north They include 
green shales containing the ^‘Trenton'’ fauna, thin lime- 
stones, and numerous sandstones Much nf the limestone 
and sandstone found along the lower Yangtze was referred 
to the Devonian by Richthofen These rocks, wLcrc in- 
fluenced by intrusive igneous rocks, are mineral bearing 
Elsewhere they are not important from the present point 
of view 

Caibomf erotic — Willis has pointed out that the Car- 
boniferous strata m China constitute two distinct series, 
both of which however are of upper Carboniferous age, 
the Pennsylvanian of American geologists The one found 
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mainly in the north, which contains most of the coal mined 
on a large scale in China, consists essentially of sandstone, 
shale, and coal but includes thin bituminous limestones It 
IS considered to be of continental origin It extends over 
the northern provinces from Manchuria through Shantung, 
Chihli, and Shansi with an arm stretching down through 
Honan and Hupeh into Hunan To the west, it is buried 
below later beds The second division of the Carboniferous 
is found mainly in South China and consists essentially of a 
great limestone which attains a thickness of 400 feet It 
extends westward from Anhwei and Kiangsi to Tibet and 
beyond 

Permo-Mesozoit — To the south and west especially, 
the Carboniferous strata pass under a senes of younger 
rocks which seem to represent the period from the Permian 
to the Jurassic Apparently in Eastern Asia the Paleozoic 
and Mesozoic are not separated by a major break as in 
America and Europe As seen m Eastern and Central 
China, the beds are mainly red sandstones and shales similar 
to the Red Beds of Western America From near Peking 
on to the southwest border of Yunnan, Jurassic strata are 
found These include coal beds as well as sandstone and 
shale Several of the fields are of Jurassic age The Red 
Basin of Szechuan is floored by rocks of this age To the 
south m Yunnan the basalts, porphyries, and tuSs, which 
form a characteristic portion of the Permo-Mesozoic, be- 
come especially prominent though they are found widely 
also m other parts of the country, including Shantung, 
Chihli, and the Ningpo-Hongkong region of the Nanshan 

Post-Jurasstc — At the close of the period of Mesozoic 
deposition in China came a great epoch of mountam-build'- 
mg, at which time the mam ranges were outlined Ap- 
parently, It was also the period in which the main intrusion 
of the beds by igneous rocks occurred, though igneous ac- 
tivity continued at least into the Tertiary In the Yangtze 
valley there is a wide area within which rocks of the dionte 
family have invaded the late Paleozoic beds and it is in 
connection with these intrusions that many of the important 
iron ore deposits occur» In Cretaceous times, ajxordmg 
to Willis, most of Eastern Asia was reduced to a great 
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peneplain which was bowed up in Tertiary and Quateinary 
times to form the present mountains Tertiaiw deposits 
are not common though found in China and the great 
Fushun coal bed in Manchuria is in the Tertiary In Indo- 
Chma there aie other coal fields belonging to the same 
period Wdlis believed the mountains of China to be of 
very recent age and in the mam he was doubtless correct 
J G Andersson has, however, found certain beds deep in 
the gorge of the Yellow River which seem to call for some 
slight modification of Willis’ views 

Coal IS widely distributed in China and occurs in every 
province The distribution of the fields is shown upon the 
small map reproduced herewith and based with slight 
modification upon one furnished by N F Drake with his 
report to the International Geological Congress in 1913 
The principal change has been to extend the Pinghsiang 
field across the province of Kiangsi, to accoid with present 
information, and to indicate a larger measure of discon- 
tinuity in the southern fields than was believed to be tiue 
when Drake made his summary It will be noted that 
there are two large fields, one m the north and the other 
m the south Neither is continuous, and in each case large 
areas of the coal measures are covered by later beds In 
the south especially, the map indicates indeed the region 
within which small local coal fields occur lathei than any 
continuous or even semi-continuous coal-bearing area Out- 
side these mam areas, the coal fields appear small and 
scattered This is m part a true representation, since the 
coal does occur in basins now isolated Much of it is found 
m narrow belts fringing uplifted portions of older locks 
It 13 probable that if the loess and alluvium were stiipped 
off, many of these individual fields would be found to be 
connected and undoubtedly many more were at one time 
continuous but have been separated by faulting and ero- 
sion 

Coal occurs at various geological horizons from the Car- 
boniferous to the Tertiary The most important and signifi- 
cant coal horizon is in the Permo-Carboniferous and is 
usually but a short distance above the older limestones, 
Sinian formation, upon which the coal measures were de- 
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posited At or about this hoiizon has been found the bulk" 
of the high grade coal so far mined in China Still higher, 
in the Jurassic, there are numerous coal horizons and much 
good coal is mined The Tertiary in Manchuria, and pei- 



Fio 5 Coal fields of China in relation io ratlvfayi and ports The large 
areas tndtcaied are not continuously coal bearing but are rather those 
njoithxn nahtch coal is found 


haps elsewhere, is characterized by enormously thick coal 
beds of limited extent and high volatile content 

China undoubtedly contains one of the woild’s great re- 
serves of coal though there are wide variations in the 
estimates that have been made of the amount present For 
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•the report of the International Geological Congress in 
1913 two estimates were submitted, one by N F Diake, 
an American geologist and mining engineer long lesident 
in China, and one by K Inouye, Director of the Imperial 
Geological Suivey of Japan Both were printed in the 
“Coal Resources of the World’’ published by the Congress 
Drake’s estimate, which Vas the more complete of the 
two, IS given below as condensed by him In submitting it 
he made the following comment ^ 

“The above estimates are sure, in man> eases, to he far from 
correct, but it is believed that tliey will more often err in 
being too small than in being too large It I'l \ery prob ibh 
that the estimates given tor the cti d reserves of Kansu and 
Mongolia especially, arc much too small, while the rescrv'cs 
attnbuted to Shansi, Kweichow and Yimnin imy be somewhat 
too large On the whole, we believe the data at liand fully 
justifies the statement that the coal icscrves in China are at 
least as great as the total given above, and that future investi- 
gation will probably determine the real reserves to be much 
greater ” 

While Drake’s figures are subject to serious reduction, 
as shown by W H Wong’s estimates later given, they arc 

CHINA'S PROBABLE COAL RESERVE 


Mongolia 

ChihU 

(Drakes rsiimaie) 

Million Mttnc Tons 
r,2oo 


22,668 

Shantung 


7,083 

Shansi 


714,340 

Shensi 


1,050 

Kansu 


5iii9 

Honan 


9^i75 

Kion^flu 


10 

Anhui 


187 

Hupeh 


117 

Chekiang 


24 ^io 

Fukien 


25 

Kiangsi 


3i395 

Kwangtung 


1,009 

KwangBi 


500 

Hunan 


90,000 

Szechuan 


80,500 

Kweichow 


30,000 

Yunnan 


30,100 

Total 


, 996,6ia"ao 


1 "Cofil Reftoorc« of the Worfd," VoL j, p 165* Torouto, 1Q13 
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CHINA’S PROBABLE COAL RESERVE— 


{Inouyys Estmaie) 


Chihli 

Million Metric Tons 
3,080 

Shangtung 

650 

Shanei 

1,200 

Honan 

200 

Chekiang 

120 

Fukien 

80 

Kiangsi 

M 35 

Hunan 

17,000 

Szechuan 

i5»ooo 

Manchuria 

800 


Total 39 ) 5^5 


given here as illustrating accepted opinion at the time the 
present surveys of the region began 

The figures for Manchuria were presented separately by 
Inouye Besides the “probable’^ reserve in the vaiious 
provinces listed, he allowed for additional but unesti- 
mated “possible’’ coal 

Commenting upon these two estimates in 1916, V K 
Ting, then Directoi of the Geological Survey of China, 
said 


“The apparent discrepancy is explained by the fact that 
Drake attempted to make a complete estimate by summing up 
all known data, whilst Inouye gave practically all that was 
known to the Japanese Geological Survey hence, his estimates 
for Fukien and Chekiang, the two provinces best known to 
the Japanese, are higher than those given by Drake, although 
m aU other cases his figures are much lower The term *prob- 
able reserve^ used by Inouye is somewhat misleading, as his 
figures suggest totally wrong ideas of the relative importance 
of the different provinces 

“Drake’s attempt is much nearer the truth though much of 
it 13 guess work He himself remarked that the figures for 
Shansi, Yunnan and Kweichow might be too large This is 
certamly the case His source of mformation was chiefly 
Richthofen and Leclere The former perhaps somewhat over- 
estimated tlie coal resource of Shansi as he certainly did m the 
case of iron, and Led^re’s work on Yunnan and Kweichow 
proved to be erroneous — a country much complicated by deep 
folding and faulting was supposed by him to be a simple plateau, 
hence his estimate must be many times too large On the other 
band, those for Chefaang, Fukien, Kiangsi, Anhwei mid 
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Mongolia are all too small In the case of the first two 
provinces, Inouye^s figures prove the point The recent work 
of W H Wong shows that in Knngsi the coal field of 
Pinghsiang stretches m the E N E direction through the dis 
tnct of Fencheng and Loping to Fuliang in the northeast 
This immense belt alone would give a reserve equal to that 
given by Drake for the whole province, and other smaller coal 
fields are also known in Kiangsi The same worker shows also 
that in western Inner Mongolia the Jurassic coal <imounts to 
over two billion tons Both Inouye and Drake gave very 
incomplete accounts of Anhwei The numerous fields in north- 
ern Anhwei, namely, Shusung, Taihu, Shuchow and Hweiyaian, 
were apparently unknown to them, and the latter^s descnption 
of southern Anhwei, taken chiefly from Ishii’s report, is in- 
accurate and misleading Again, no mention vvas made of 
Chinese Turkestan which contains at least as much coal as 
Kansu, its eastern neighbor 

“On the whole, however, Drakc^ total figure is certainly 
of the right order of magnitude though the figures for individual 
provinces arc very uncertain It is, in fact, futile to try to 
arrive at more exact conclusions as sufficient data do not v<-t 
exist, but it IS correct to say that as far as present knowledge 
goes, 100,000 million metnc tons is a fair minimum figure, but 
the real reserve is probably ten times as large Taking the 
total production for the whole world to be roughly one billion 
tons per year, then China is probably capable of supplying the 
whole world with coal at the present rate for the next i,ooo 
years ** 


In the years since these estimates were made the staff 
of the Geological Survey of China has made extensive 
studies of a number of the coal fields and reports are now 
available m English upon several ot them m the bulletins 
of the Geological Survey of China ^ As a result of these 
studies and other data available to the Survey, the estimate 

1 The Coal Fields of Yu Hutai. YanffYuan and Kiiang- Lmif, Chlbli, Tnig V K 

of LmgXuhsIen Chihli Ylb L* F and Tiu, C C No i, 1019 
The Coal Fields of Chaug HBicn, Northwestern Chekiang, Ylh U F No, i, iqio 
O il the Geology and Coal Resourcea of th* District* of Cnla An, Antu, and lyii Hsin 
in Kiangai , Wauff, T C No s, igao ^ 

The Coal Fidd^ Tatunff, Shansi, Wans, C, C No v, 

The Cool Field of Ivei^oiur, Hunan, Cnu, T O No 3 19JI 

The Geology of the Tsuchunn PosUan Coal Field Shanli^g, H C No 4, 

The Geology of the HoKang Coal Fid^ Heilungk^ng, H C No ^ 

the Coal Field* of Chin Htiea and Hsuan Cheng, Anhwei, Yih, L F 

Re^rt'of tb?OunB^c!uu Coal Field In Shantung, Andersen J G No 5 , 

0 ?^the Stratigraphy n£ the Tw Chow and Liu^llo Kou Border 

pf S Chihli and N Honan, Chao, Y T and Tien, C C No, 6 , 1934 
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presented below has been prepared and published by the • 
present director, W H Wong 

CHINA’S PROBABLE COAL RESERVE ^ 

{Wong's Estimate) 

MUlion Tons 



Anthraciie 

BiU^1n^nous 

Total 

Chihh, including metropolitan districts 

76a 

1,608 

a, 370 

Mukden 

35 

950 

985 

Jchol 

80 

850 

930 

Chahar and Suiyan 

150 

310 

460 

Shansi 

3,370 

3, +60 

5,830 

Honan 

1,385 

380 

1.765 

Shantung 

30 

655 

685 

Anhwei 

70 

135 

205 

Kiangsi 

xro 

70 i 

8x5 

Kian^su 


190 

190 

Chekiang 

50 

70 

130 

Hupeh 

70 

60 

130 

Hunan 

1,000 

600 

1,600 

Szechuan 

300 

1,300 

1,500 

Shensi 


1,000 

1,000 

Kansu 

xoo 

900 

1,000 

Amur 


160 

x6o 

Kirm 


160 

160 

Yunnan (including lignite) 


1,300 

1,200 

Kweichow 


1,300 

1,300 

Fukien 

150 


150 

Kwangsi 


50a 

500 

Kwangtung 

200 

TOO 

300 

Total 

6,253 

17,183 

23,435 


Wong adds the following comment 

all these reserves a depth to i,ooo metres is assumed 
and only seams with a thickness of one metre are taken into 
account, if we include thinner seams and increase the depth, 
It IS probable that 40 to 50 billion tons would be a good figure 
for the total Chinese coal resources This reserve will be suffi- 
aent to supply China 2,000 years if her present consumption of 
about 20 million tons per year is taken as the standard, but it 
Mull last only *jo years if we take as a standard the American 
annual output, which is 680 million tons 

The considerable discrepancy between this and the 
earlier estimates is at once noticeable, as also the fact that 
Wong considers the reserve to be hardly more than one- 
twentieth that estimated by Drake and given general ap- 
proval by Tmg No later general estimates have been made, 

1 China Vear Bopk, r<>a4, p 1*4 
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but individual fields have been studied and with few ex- 
ceptions the amount of coal actually present has been found 
to be less than originally estimated 

In making up his estimates, Drake allowed 1,280 mil- 
lion tons for the actual reserve and 1,838 for the probable 
reserve in the Yi-hsien field in southein Shantung The 
coal here is of excellent quality and makes a fine haid coke 
so that it has attracted considerable attention There are 
a number of shafts open and a fine modern mine in oper- 
ation About 1915? ^he field was studied in a preliminary 
way by G G S Lindsey, a Canadian mining engineer, 
widely experienced in coal mining He made a tentative 
estimate of 150,000,000 tons of coal as the easily available 
reserve I visited the field in 1917 and this seemed a rea- 
sonable estimate m view of the area as shown by outcrop 
and thickness as shown m the mines When, however, the 
ground was prospected with diamond drills prepaiatory to 
opening an additional colliery, concealed faults and rapid 
changes in thickness of the coal bed were found, with the 
result that it was only after considerable drilling that a block 
of 20,000,000 tons of coal properly situated for mining 
was outlined though other blocks probably lemain to be 
found by further drilling Similar experiences fioni 
drilling m Anhw^ei and other provinces might be cited and 
possibly they have unduly influenced opinion 

Probably the largest and most valuable coal field in 
China IS that which is found in Shansi and extends w^est 
across Shensi and into Kansu, outlined in fig 6 New 
estimates of the reserve m this field have just been made 
available by Fuller and Clapp ^ as a result of numerous 
geologic cross sections and over 8,000 miles of leconnais- 
sance made m preparation for oil well drilling Richthofen 
had originally estimated the east Shansi fields (anthracite) 
to contain 630 billion tons of 2,000 pounds each and con- 
sidered the bituminous coal field as equally extensive 
Drake revised Richthofen’s figures foi eastern Shansi and 
reduced the total to 350 billion tons He did not estimate 

1 “Revieion of Coal Eetimate for Weit Shujifii, Chirm ** M t*, rullor 4nd Frederick 
G ClRpp Economic OeologT* Vol XXI, pp 743 756 , -Decemb^ rpaO Also, ^C^s 
of i^enei and Kansu, China, ’ M L, Fuller ana Frederick G Clapp, Vol XXI, 
January, ipa; 
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the reserve in the western field It is the latter that was ^ 
studied by Fuller and Clapp In making their estimates 
various assumptions weie made as to average thickness, 
persistence in depth, and extent under cover They calcu- 
lated the probable leserve in this particular field to be 210 
billion tons, of which 128 are in the North Shensi basin and 
82 m the down-faulted and broTcen ground between the 
Fen-ho and Yellow Rivei (Hwang-ho) in western Shansi 
In place then of the original 1,260 billion tons estimated 



by Richthofen, we now have Drake’s estimate of 350 bil- 
lion for East Shansi and Fuller and Clapp’s figure of 210 
billion for the westein field To these figures may be added 
C C Wang’s estimate^ of 1,350 million tons as the re- 
serve m the Tatung field to the north, now known to be 
separate and indeed of later age, making a total of a trifle 
over 561 billions as against the original estimate of more 
than twice as much 

For the whole of the region, however, Fuller and Clapp 
make a much higher estimate than either Wong or Drake 
and they have, quite ceitamly, a more detailed knowledge 
of the region besides being well qualified engineers expc- 

1 Bull Geol Sorv China* No 3 Oct , igar 
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rienced in the survey of coal fields Then general summary 
IS quoted below entire 

“The total recoverable tonnages of the coals of the North 
Shensi Basin are summarized in the tabic below Under re^ 
coverable coal is included that which is not beyond the depth of 
practicable mining, although much of it vail probably never 
be actually removed from the ground The non-rccov crablc 
coal 13 that which will not warrant removal under normal con- 
ditions, although much could be recovered if its value warranted 
unusually deep mining The terra basin m the first column 
refers to the North Shensi Basin All figures arc in tons of 
2,000 pounds each, and arc necessanlj raerelv approximations 


SUMMAR\ OF COALS IN NORTH SHENSI BASIN 



Permo-Carbomfcroits 

Coals 




Jurassic Coals 




Noil 




Total 

Cimls 

Province 

Kccovcraole 

Recoicrnble 

Riceic} abU 

recoverable 

(Ot'i. rlat*t*id) 


Area 

Tons 

'irca 

Tons 

Area 

Tons 

^ua 

Tons 

Area 

T ons 


(Sq 

(Bil 

iSq 

(Btl 

(Sq 

(Dll 

(Sq 

(BU 

(Si] 

(Bil 


m ') 

liofis) 

m ) 

lujns') 

m ) 

lums^ 

m ) 

lions) m ) 

ll 7 HJ) 

Shansi 











Basin 

5,600 

128 

0 

0 

0 

0 

0 

0 1 

1 9,000 

210 

Graben 

3400 

82 

0 

0 

0 

0 

0 

0 ^ 

I 


Shensi 











Basin 











East 

3)500 

58 

29,500 

560 

4,500 

53 

10,000 

f »4 



South 

2,000 

33 

(whole 










basin) 






36,000 

781 

Graben 











South 

2,000 

23 

0 

0 

0 

0 

0 

0^ 



Kansu 

1,250 

IS 

22 , 7-50 

280 

0 

0 

r 0,000 

117 

24,000 

413 

Mongolia 

3.500 

41 

27,500 

540 

2,500 

30 

10,000 

86 

31,000 

697 

Totals 

20,250 

370 

79,7501,380 

7,000 

83 

30,000 

267 

100,000 

2,100 


“It IS frankly admitted that many factors are incompletely 
known, this being cspeciallv true of the thicknesses which var\ 
Widely from place to place and arc seldom definitely known even 
at a single point The heavj cover of loew enters materially 
into the problems of area, preventing the determination of the 
limits of the grabtn ^basins’ as well as modifying the extent of 
recoverable areas Wlnle thousands of miles of traverses were 
run within the ioo,ooo square miles of the basin, there are 
several comparativ ely broad stretches of unvisited terntorj^, some 
being as much as 50 miles m widtli Of these, there are no 
available maps except of the most general t>pe, and conditions 
can only be judged by inference 
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The following table will serve to illustrate how far apart 
are the various estimates of the reserves in the foui 
provinces, though they are not on exactly the same basis 
For convenience, the figures have all been i educed to units 
of one milhon metric tons The estimate is for the presum- 
ably recoverable coal 


COMPARISON 

OF ESTIMATED 

COAL 

RESERVES 

OF CHINA 


Drake 



Puller aud Clapp 

Shansi 

7 i 4 i 340 

1,200 

5,830 

190,909 

Shensi 

IjO^O 


1,000 

132,737 

Kansu 



160 

13,636 

Mongolia 

I,2CXi 


460 1 

71,000 


It IS impossible with known data to reconcile these esti- 
mates and It would hardly be worth while to review the 
fragmentary knowledge of other individual fields that is 
available It should be remembered that all the general 
estimates are based upon approximate measurements only 
of the area of each field multiplied by some figure believed 
to represent the average thickness of the coal The total 
so obtained has been reduced in ^ach case by some pei- 
centage, determined by the experience of the engineer mak- 
ing the estimate, to bring it down to the tonnage that may 
be taken as recoverable It is a matter of diffiailty to de- 
termine correct averages for use in such calculations and in 
advance of actual prospecting by drill or shaft, the extent 
of the coal under cover can only be inferred The coal 
fields of the Yunnan plateau weie at first thought to be 
continuous ovei a large area The plateau is now known 
to be broken and faulted and the coal fields to be individually 
small and scattered A number were examined in 1920 
and it was clear that any general estimate of tonnage might 
well be extremely deceptive It may none the less be taken 
as reasonably certain that the Shansi-Shensi coal fields rank 
among the richest in the world and that China as a whole 
holds one of the great coal reserves It will probably not 
lead to great erior if for present purposes Drake^s gen- 
eial estimate be accepted as being of the right order, how- 
ever It may be out in particular details The presence of 
this large coal reserve is a fact of first importance to the 

1 Cliidiar and Sflljnian only 
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future industrial history of China and the Far East gen- 
erally 

As yet, the fields are but little developed, nor can they 
be without a great change in conditions as regards tians- 
portation and industry The extent and character of the 
present coal mining industry may be interred from the fol- 



Fig 7 Map shoxving coal fields, ratl^ways and nteial mines of South Man- 
c/iurta, inner Mongolia and part of Chihh, after W F Collins The 
Kaiping coal mines are those of the Kailan Mining Administration 


lowing tables taken from W H Wong’s repoit in the 
China Year Book for 1925 

Allowing SIX to seven millions as the probable output of 
native mines, W H Wong gives the following as the total 
coal production of recent years, the figures being in metric 
tons 

COAL PRODUCTION OF CHINA 


1912 

13,000,000 

1918 

18,033,000 

1913 

14,000,000 

1919 

19,387,000 

1914 

15,000,000 

1920 

20,381,000 

1915 

15,440,000 

1921 

19,872,000 

1916 

15,584,000 

1922 

19 , 954,000 

1917a 

17,205,000 

1923 

22,681,000 




PRINCIPAL COALS PRODUCED IN CHINA ^ 
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The civil wuis have mteriupted pioduction, particularly 
by interfering with tianspoitation, but Julcan Arnold, 
American Commercial Attache, estimates the pioduction in 
1925 to ha\e been 21;, 000, 000 tons 
The largest coal enteipnses in China arc those of the 
Kalian Mining Administration at Tangshan in Chihli, and 
the Fushnn collieries of the South Manchuria Railway near 
Mukden Both aie highly successtul enteipnses, but botli 
find their laiger maiket outside China The Kailan miiHs 
supply a vaiiety of coals including coking, na\fil fuel, steam 
and domestic The Fushun coals do not natuially make a 
firm coke, but by mixture with other coal a satisfactory 
product is made and used in Japanese furnaces in Man- 
churia and Japan The coal field which is the basis of the 
Kalian operations has been described by a number of engi- 
neers and geologists The papers by H C Hoover’ and 
N F Drake " will be found especially complete The 
Fushun field has been described by W A Molicr ® and by 
K Inouye ^ It is notable for the presence of a thick bed, 
usually 130 to 200 feet, which lies so as to be available m 
part for the steam shovel mining The coal is also woikcd 
by underground shafts At the main workings the area that 
has been drilled is estimated to contain 282,000,000 tons of 
proved coal and 260,000,000 tons of probable coal There 
IS an additional amount to be won from other points, but 
the total IS not acairately known The coal is of Tertiaiy 
age and in ‘‘Mining m Japan’' the following is quoted as 
the analysis 

P rLiWl 


Moisture 5 71 

Volatile 4063 

Fixed Carbon 53 65 

Ash 3 89 

Sulphur o 53 

Nitrogen 1 60 


T T Read gave, m the “Coal Review” for March 9, 
1921, an account of a visit to the property as w^ell as an 
interesting discussion of modern coal mining in China, 
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In the various reports already cited, especially the volume 
on the ‘‘Coal Resources of the World/’ will be found de- 
scriptions of the individual coal fields in China and other Far 
Eastern countries It is scarcely necessaiy to review them 
in detail It is evident that China possesses an abundant 
supply of this most useful mineral, though with her large 
population she will have use for great quantities if there 
comes to be a major change in the habits of her people 
China’s reserve is all the more important since it is only in 
that country that any considerable supply of coking coal is 
known in the Far East Even so the known fields of good 
coking coal are not numerous In Manchuria the Penhsihu 
field stands out ^ In Northern Chihli, the Kaiping coal, the 
Peipiao and perhaps others will coke In southwestera 
Chihli, the Liuhokou coal especially has a good reputation 
for coking In Shantung, the Yihsien and other coals coke 
and in Honan, Kiangsi, Hunan, Yunnan and other prov- 
inces, coking coal is found It is true here, however, as 
elsewhere that coking coal is exceptional Anthracite, of 
which there are large quantities available, can be used as a 
metallurgical fuel, though with less efficiency, and m general 
any large metallurgical industry in the Far East will neces- 
sarily depend upon Chinese reserves of coking coal if it is 
to persist. 

At present, the largest demand for coal in China is doubt- 
less for household purposes, despite the extremely small per 
capita consumption If the Chinese ever should come to 
use coal as freely in their homes as do the English and 
Amei leans, the output would need to be multiplied at least 
15 times without regard to increase for other purposes, such 
as for transportation, without which the greater amount of 
household coal itself could not be mined and delivered The 
factory system has made relatively little progress in China, 
so that there are few industrial centers calling for large 
amounts of coal Shanghai is perhaps the most important 
and absorbs something over 1,250,000 tons per year, of 
which about one-half is used for bunkering ships Peking 
requires about 1,000,000 tons per year, mainly for house- 
hold heating Another considerable center of consumption 

1 C F Wang, Trana, A I M E , Vol LIX, p 305 ^9^8 
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IS Hankow where coal is in denaand for use in the Hanyang 
Steel Works, for the ii\ci boats, for locomotives, and a con- 
stantly increasing group of factories No figures are avail- 
able showing the entire consumption of the distiict but 
much the larger part of the coal mined at Pingshiang is 
marketed at Hankow, and there are also important ship- 
ments from the north by rail and fiom various othci di- 
rections by water Canton in the south affords a market 
for about 200,000 tons annually Over the country as a 
whole, household burning alone requires but o 006 tons 
per capita as compared with the usual i i tons in Aineiica 
In New England the total per capita consumption is 7 tons, 
and in Chicago it is 8 to 9 tons a yeai Fiom any point of 
view, the coal market of China is largely undeveloped and 
It may be expected to glow steadily It does not follow 
that intensive production at any one point will not swamp 
the existing market tributary to it Indeed, more than 
once in the past collieries m China have suffered because ot 
overproduction 

The physical conditions arc not generally favorable to 
mining in the Chinese coal fields The coal occius largely 
along the flanks of the mountain ranges and m rocks that 
have been much faulted and in part invaded by igneous in- 
trusions As a result of the distuibance of the strata, it is 
not only necessary to prospect carefully in planning mines, 
but to do considerable dead work pei ton of coal Another 
difficultv’^ IS that the faults traversing the rocks let under- 
ground water into the mines and increase danger and pump- 
ing expenses It happens in several of the fields that the 
most important coal beds he but a short distance above lime- 
stone beds which, either as a result of exposure to erosion 
before the coal w^as formed or to later clacking, have be- 
come cavernous and so are enormous water reservoirs and 
that as a result of folding it may be necessary to cut into 
them At various collieries disastrous floods have broken 
into the mines Another difficulty is due to the presence 
of numerous unmapped old workings which arc most irregu- 
lar and extensive and which by reason of the cracking of 
the overlying rocks are full of water. To dram them would 
mean to pump out the whole countryside and m the absence 
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of exact knowledge of the position of fault planes, barrier 
pillars have not always pioved effective As illustrating 
how seiious the pumping pioblem may become, it may be 
mentioned that at one mine visited one-eighth of the output 
was consumed to furnish power for the pumps This is 
an extreme case At another colliery the portion of the 
coal so used was i 37 percent It is believed that with 
proper preliminary work this source of cost and danger can 
be controlled but it is no region for making short cuts in 
technology 

Neither gas nor dust have as yet proved generally 
troublesome, though theie has been one serious disaster in 
the Fushun mines m Manchuria and another at Kaiping 
As deeper mines are opened and worked, danger from these 
sources will doubtless become more common Roof and 
floor conditions are not generally bad away from definite 
fault planes, but the scarcity and high expense of timber 
make it impossible to drive laige 100ms This difficulty is 
increased by the fact that the coal beds are very commonly 
thick, at Fushun more than 200 feet, and satisfactory 
methods of working thick coal are rare anywhere At 
Fushun, sand filling is practiced At the mines of the Chung 
Hsmg company and elsewhere, rock packing has been 
adopted, while at the Kailan collieries an ingenious caving 
system has been used with good effect Powder is little 
used in the mines, the abundance of coolie labor leads to 
hand tiamming as against mechanical haulage, and timber 
being scarce and expensive, brick and stone are largely used 
for underground support 

As to costs of mining it may be said that while the ap- 
parent first cost of mining coal m China is low, the actual 
cost is about the same as with good work m America when 
equal annual tonnage are handled, despite the more dijSficult 
mining conditions The best cost realized in China, which 
is attained by a welhiun copipany of large output and long 
historV) IS low even compared with American standards, 
and the larger coal companies have shown considerable 
profit which 13 not surprising in view of the high prices so 
far generally obtained for their product 

As already indicated, the largest known or probable re-* 
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selves of coal in the Ouent aie to be found m China, and 
the other countries show genei ally a dcfiLiency it account 
be taken of their population and possible tutuie needs 
There are, however, hclds that aic of speci d ni local im- 
portance 

Siberia Coal is mined ncai the Pacific coast in the m- 
cinity of Vladivostok and on the Island of Sakliahn The 
Suchan field was opened diiniifr the Japantse-Russiaii war 
to fuinish coal foi the cruisers impiisoned in Vladi\ostok 
harbor It has not been completely developed, but Russian 
geologists consider that it is capable of yielding a few 
million tons Most of the coal in the vicinity of Vladi\ ostok 
IS high m ash and of low grade, but from Suchan coal of 
good steaming quality is mined The best quality of coal 
available in Eastern Siberia comes from Northern Sakhalin, 
being shipped through the poit of AIe\andio\sk which is 
closed part of the year by ice Near the coast here, and m 
the Tertiary beds, are see era! workable beds of coal of 
excellent quality The field extends for 100 miles along tlic 
coast and about twelve miles inland The Russian geoh 
ogists estimate the probable reserve at ';oo,ooo,ooo tons 
and this figure is at least m part confirmed by measurements 
and studies made by Ross Hoffman and R Smith, American 
engineers who have examined and sampled the deposits 
Having in mind the many disappointments resulting from 
estimates based on surface mapping, and the irregulauty 
that characterizes Tertiary coal beds in particular, the esti- 
mates should be confirmed by drilling As to the quality 
of the coal there is no doubt Both foi steam use and for 
coke making it lanks high and t!ie amount available is un- 
doubtedly large 

Japan The estimated reseive as determined by the Im- 
perial Geological Survey m 19131 has already been stated 
to have been 8,oj;i million tons, including the coal in 
Korea If to this be added the knowm reserve in Man- 
churia, which IS available to the Japanese and most of 
which IS already dominated by tliem, the total becomes 
9,251 million tons. In proportion to population and prob- 
able needs this is not large, though as to fuel Japan is 
better provided than Italy, foi example, which has about 
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the same population and m many particulars faces the same 
industrial problems 

According to a recent summary prepared by G Kobayashi 
of the Imperial Geological Survey/ coal is known to occur 
m the Paleozoic, the Mesozoic and the Teitiary, and may 
be classified as (i) anthracite and semi-anthracite, (2) bi- 
tuminous and sub-bituminous coal, (3) black lignite and (4) 
lignite The coal in the Paleozoic and the Mesozoic be- 
longs to the anthracite and semi-anthracite varieties, that 
in the lowei Tertiary, considered as the Eocene and Miocene 
age, IS mostly bituminous and sub-bitummous coal and black 
lignite, while that m the upper Tertiary, probably the 
Pliocene, is lignite The Omine and Tsubuta coal fields are 
important occurrences m the Jurassic, the less well known 
Bitchu are m the Tnassic and the Tamba in the Jurassic 
The most important coal seams are m the Tertiary, the 
coal fields of Kyushu and Hokkaido being the most exten- 
sive and valuable m Japan 

As regards coal reserves, the Ishikan coal field lanks first, 
while as to pioduction the Chikuho coal field leads The 
center of coal pioduction is in Northern Kyushu, which 
yields about 60 percent of the total output of Japan Of 
the coal fields m Northern Kyushu, the Chikuho coal field is 
the laigest and yields about 72 percent, while the famous 
Miike coal field ranks next both in respect of its coal re- 
serves and Its output The Karatsu, Sasebo, Sakito, Matsu- 
shima and Takashima fields are also important and yield 
good bituminous coal In Hokkaido, the coal-mining indus- 
try 19 in course of development, so that the output is rather 
small m comparison with the reserves The Joban coal field, 
extending over Hitachi and Iwaki, ranks next to those of 
Kyushu and Hokkaido, but the coal is much mfenor in 
quality and less m quantity The coal fields in the southern 
part of Nagato, known as the Ube coal field, are of much 
less extent and the coal is also inferior m quality The 
other coal fields scattered throughout the country and yield- 
ing varieties from bituminous coal to black lignite, are less 
important both in reserves and output. The only Tertiary 

1 **Tho GcolOffy and Mineral Rcaourccfl oi the Japaneie Empire,” Tokyo, igalS, pp 
g6 gB 
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coal fields yielding anthracite and semi-anthiacite lie in Kii 
and Higo, both the output and reserves being small Lig- 
nite-beanng Teitiary is scattered throughout cential and 
northeast Japan, though its extent is limited The coal fields 
extending ovei Owari and Mino, known as the Nobi coal 
field, yield lignite and aie the most important of the lignite 
districts The coal fields in the noithern part of Taiwan 
are the only source of coal in Taiwan, the production ex- 
ceeding the demands of the island The coal fields of Kara- 
futo are consideied to contain a large amount ot coal but 
they are not thoroughly exploied Only two, the Naibuchi 
and Notoio fields, have been even loughly surveyed Most 
of the coal fields in Karafuto or southern Sakhalin have not 
yet been opened, so that the *xnnual output ot coal is ver\'^ 
small 

In quality the coal m Japan varies from anthracite to 
lignite, but the great bulk of the leserve consists of bitumi* 
nous coal, mainly of high to medium volatile type Both 
coking and free-burning coals are found, but the amount of 
coking coal is, as usual, limited and the smallness of the 
leserve has given some concern In practice, coking coal is 
imported from China to supplement the local supply, though 
the country is by no means entirely dependent upon such 
imports 

Kobayashi gives the analyses m the following table as 
typical 

The coal fields have been carefully studied by the Im- 
perial Geological Survey and the then Director, K Inouye, 
presented to the Inteinational Geological Congress in 1913 
a careful summary of the results^ illustrated by numerous 
maps and sections and containing detailed estimates and anal- 
yses In 1921, the Survey printed a coal map ot the Empire 
giving the geology of each field and indicating by symbols 
the estimated reserve in each While these later figures 
show some increases as to particular areas, the agi cement 
IS close and either may be used by those desiring details 

Coal mining 13 an ancient industry in Japan, though it 
has only been since the Restoration that there has been need 
for more than a very moderate amount of coal Promptly 

3, *'CcmI Resourccf of tlie World, VoL I, pp a7g 34S 
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upon the Restoiation the Takashima shaft ^^as sunk, under 
direction of a foreigiT engineer, and modern mining began 
The situation of the Chikuho field at the cross-roads of 
eastern marine traffic, and the excellent quality of the coal 
mined, led to rapid development first of this and other 
Kyushu fields, and later those of Hokkaido and other 
islands came into production Now coal mining is not only 
the laigcst element in Japan^s mineral production, but the 
Japanese coal industry is the laigcst in the Far East The 
output for recent vears m metric tons with the value in yen 


IS given below 

COAL OUIPUl OF JAP\N 



7 MM 

J iilue 

Year 

) 

( i mA 

1912 

20 , 043 i 77 * 

62,947,233 

1913 

21,763 405 

72,751,342 

1914 

22,834 121 

82,330,880 

1915 

21,126 862 

67,622,800 

1916 

23.639*^^7 

83.498.739 

1917 

27,287398 

144,407,259 

1918 

29,124,263 

294,096,684 

1919 

32,712,981 

45‘;i386,752 

1920 

30,828,071 

433.376,9^5 

1931 

27,67-^, $72 

240,512,784 

1922 

29.481,059 

265,221,322 

1923 

30,9411184 

27 i. 5^9 937 

1934 

3 ^. 213 . 35 ^ 

257.990.172 


The larger part of the coal produced is consumed within 
the country, though theie is a consideiahle export trade, 
particularly m the bimkeimg of steamers The largest in- 
dividual colher\^ is the Miike belonging to the Mitsui Com- 
pany and now producing 1,800,000 tons per year It is a 
fine modern plant and produces both steaming and coking 
coal from the Tertiary in K\mshu The Onoura colliery in 
the same prefecture produces 1,300,000 tons, and the 
Yubari on Hokkaido puts out 1,100,000 These arc the 
three largest mines though there are nine others each pro- 
ducing a half million or more 

The principal coal fields in Korea are at Hcijo and 
Kainei The former mines are anthracite of Paleozoic age 
and the latter a Tertiary lignite The fields aie not of more 
than local importance, 

Philippine Islands According to W D Smith ^ some 
coal 13 found on virtually every large island of the archi- 

I and Mineral Resources of rhilippine lelandfiZ' p 366 
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pelago, but there are only six important localities These 
are Batan Island, Gotas-Butong, Mindanao, Cebu Island, 
Polillo Island, Mindoro Island, and Masbate Island For 
details regarding any of these, the reader may turn to the 
original report or to F A Dalburg’s summary cited below 
The Spanish authorities had done little to develop the coal, 
but soon after the American occupation vigorous efforts 
were made to find and produce a supply A general report 
on the ‘‘Coal Measures of the Philippines’’ ^ was compiled 
by laeut Charles H Burritt, and from 1904 to 1910 the 
United States Army attempted to mine coal at Lignan on 
Batan Island When the Bureau of Science was organized, 
surveys of the coal fields were at once taken up and the 
results have been summanzed in the report by Smith just 
cited and in another made by F A Dalburg to the Interna- 
tional Geological Congress m 1913 ^ Dalburg, who studied 
a number of the fields, was later in charge of development 
of mines there and has also had experience in coal mining 
elsewhere He has kindly checked and approved the fol- 
lowing estimates of reserve originally prepared by him for 
the Congress 

ESTIMATE OF PHILIPPINE COAL RESERVES 

TONNAGE 


LocaJtiy 

Typfi 

Actual 

Probable 

Possible 

East Batan 

Lignite 

Sub-bit 

3,340,000 

20,960,000 

Moderate 

Lignan 

61,600 

216,000 

Small 

Calanga 

Lignite 

2,560,000 

Moderate 

Camugnmayan 

Sub-bit 


14,592,000 

Small 

Camanfli 

Sub-bit 


4,505,600 

Small 

Mt Licoa 

Sub-bit 


5,352,000 

Small 

Uling 

Sub-bit 

800,00a 

4,992,000 

Small 

Burdens 

Bitum 


1,331,200 

Small 

Cataingan 

Sub-bit 


612,000 

Small 

Sibnquey 

Bulalacoa 

Sugud 

Bitum 


3,628,000 

Small 

Lignite 

Sub-bit 

Total 

154,000 

4,355.600 

4,096,000 

61,980,800 

Small 


He states further that any estimate of the coal resources 
in tonnage will necessarily indicate the mimmum quantity 
and cannot show the ultimate coal resources of the archi- 

1 Report to U S Military Governor of the Philippine#, #69 pages. Govt Printing 
Office* Washington, ipoi 

a **Coal Rwonreet of the World,'' Vol I, pp 107 laa 
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pelago Even where surveys have been made, a large factor 
of uncertainty exists, as the coal-seams dip at all angles up to 
90° and the seams are folded and faulted Numerous seams 
have been known to thin out and disappear, and there is a 
great lack of knowledge regarding the sequence of the 
strata* The areas used in making the estimates are small 
and may possibly be greatly extended in the light of subse- 
quent information ^ 

The fields are all limited in extent and are scattered 
Their total known area was found by Dalburg to be 53 
square miles, of which less than 7 square miles was definitely 
known to be coal-beanng The coals are of Tertiary age, 
probably having been formed in the Miocene and corie- 
sponding in this particular to those of Japan Lignite, sub- 
bituminous and bituminous grades are all found, the first 
at the greater distance from lines of uplift and the best coals 
being near the bases of the mountains, or where the beds 
have been folded Their situation is such that they are 
much broken and faulted and the beds show the individual 
lack of persistence characteristic of Tertiary coals Mining 
has proved both difficult and expensive Smith quotes a 
cost of 13 pesos per ton as the minimum, the data havung 
been fuimshed to him by a coal-mming engineer, as of June, 
1921 Coal mining has as yet not proved to be a particu- 
larly successful business in the Philippines, the largest out- 
put reached by any colliery having been of the order of 200 
to 400 tons per day at the mines of the Philippine Coal 
Mining Co , on Batan The coals are friable, high volatile, 
and essentially non-coking, although a few samples have 
shown a slight tendency to coke The lignite coals are diffi- 
cult to store because of a tendency to spontaneous combus- 
tion 

The fuel value of the best Philippine coals is from two- 
thirds to three-fourths that of the best Cardiff coals, a little 
short of that of the Australian coals, but equal to that of 
many of those from Borneo and Japan 

The development of Philippine coal mining has been slow 
and it IS even now unimportant, as is shown by the figures 
in the following table 

1, “Coal Rwourcei of the World*“ pp 113 and 114. Vol 1 
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COAL PRODUCTION IN THE PHILIPPINES 


Metric Tons 
(7 jtitnatcd) 


1852-1906 ^ 

30,000 

1907 ^ 

4 >i 23 

1908 ^ 

10,035 

1909 ^ 

30,336 

1910 ^ 

27,969 

I9TI ^ 

32,000 

1912 2 

3,000 {— ) 3 

1913 2 

No production of economic value 

1914 2 

No production of economic value 

1915 - 

No production of economic value 

1916 ^ 

No production of economic value 

1917 

5 , 7^3 

1918 2 

I 5 -S 93 

1919 2 

32.745 

1930 ^ 

58,888 

1921 ® 

39,000 

1922 ® 

41,000 

1923 ® 

42,000 

1924“ 

47.278 

1925 (iBt 6 mo ) ^ 

29,830 


With a production of about 60,000 tons per year, the 
Islands still import more than 500,000 tons annually from 
Japan, China and Australia That coal is present in beds 
of mineable thickness and of fair quality is evident, but the 
conditions under which it occurs, coupled with the political 
and industrial conditions m the Islands, make it improbable 
that any large low-cost mining industry will be established 
Any thought that the coal supply is adequate to the de- 
velopment of a metallurgical industry based on the iron ores 
of the Islands must be abandoned 

Netherlands East Indies Coal is known at a number of 
localities in the archipelago and there are reasons for belief 
that the amount present is large, but as pointed out by E A 
Douglas,® there has as yet been no sufficient profit m sight 
to warrant accurate surveys of the fields The coal is of 
Tertiary age and the bulk of it is referred to the Eocene It 
IS a high volatile, long-flame, non-coking steam coal, save in 
a few places where intrusive igneous rocks have altered its 


1 F A Dalburff Philippine iBlonds, p laj, Vol I, ^‘Coel ResourcdlB of the World ** 
* Coal, Coke and By prwlticts (1^1319), p 159, Part III Imperial Mlnefal 
Pesourcea Bureau, H M S 0 Lond, 192a 

3 Sudden decrease due chiefly to flooding mine of East Datan Coal Coj, and to ‘wreck 
inff by a typhoon of surface plant of Comasi mine in Cebu, Ib\d p 157 

4 Mineral Industry p* 143, 1923 
D Mineral Ind.uitiy, p 174 1935 

Q "Coal ReaourcdB of the World/^ Vol pp 95 lot 
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character and raised the giade In the table following are 
such estimates ot reserves as DougLis was able to make 


CO^ RESERVES OF THE NETHERLANDS E VST INDIES ^ 



Uiual 

Probable 

P tssihlc 


Kf scrir 

Rt Sin t 

AtJt ri>c 


iMctm Itnis) 

(ilfifric I o)is) 


SUM\TRA 




Government Atjeh 



Unknown 

Rc 8 Tapanoeli-Nias 



Smill 

Government West Coast of 




Sumatra 


294,000 000 


Rea Benkoelen 


3,000 000 


Res Districts nf Lampong 



flnknoA'vn 

Res Palemband 


400,000 

Vcr\ large 

Res Djambi 



Very large 

Indrigin 



Unkiiow n 

Res East Coast of Siimatn 


250,000 

Unkrnwefi 

JWA 




Res Bantam 


6,000,000 

r/nkiMnvn 

Rcb Batavia 



Small 

Res Pr Regensch appen 



Small 

Res Djokjacarta 


1,000 000 


Res Remdang 


700,000 


Bornfo 




Res West Borneo 



Unkfiow M 

Res West Borneo 




Division Matapoera 

3 1, 800, COO 



Tanah Boembnelanden 

300,000 000 



Koetci 

443,000,000 

337,000,000 


Doeson Landen 



Unknown 

Berausche Landen 



Unknown 

Gocnoeng Sawar 



Very large 

Tidoengsche Landen 



Unknown 

Celebes 



Unknow n 

Moluccas 



Small 

New Guinea 



Very large 


Total 774,800,000 642,350,000 


H A Brouwei "" adds a few notes of interest pointing 
out that the t\\o largest Eocene fields arc those of Ombilin 
in the highlands of Padang, Sumatra, and the Eocene area 
of South Borneo The Omhihn field extends 6 miles in a 
north-south direction and 5 east to west Beds as much 
as 25 feet thick are worked and in the southerly portion 
alone 144 million tons of coal is estimated to be present 
Miocene and Pliocene coals are also kno^vn m Palembang, 
where a slow raetamorphism has taken place, producing 
a coal of 7,000 to 8,500 calories heating >31110 In various 
parts of the island coals are indeed found ranging from 


1 E A. Don 
3 G<s?I N : 


-la», ‘‘Coal Rrtourtes of tlic World,’ Vol 
; I , pp. New York, 1DJ3 


I. PP 


103 105 
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anthracite with but 8 percent volatile matter to bituminous 
coals with 50 percent volatile 

The production since 19 iz, so far as figures are available, 
IS given in the table below 

COAL PRODUCTION IN THE NETHERLANDS EAST INDIES i 


1912 

Metric Toils 
622,669 

X9I3 

453ir3<5 

1914 

440,90s 

1915 

400,000 ® 

1916 

8 

1917 

a 

1918 

a 

1919 

949,379 

1920 

1,095,718 

1921 

1,212,665 

1922 

1,032,310 

1923 

1,156,625 

1924 

i, 470 i 362 


Indo-China Anthracite is found near Haiphong in Ton- 
km and is mined at Hongay to the extent of about 300,000 
tons per annum The coal is of Mesozoic age, is dry and 
friable, and is marketed largely as briquettes It is mined 
in a great open pit and constitutes one of the important re- 
sources of the colony H Latenois estimated ^ the reserve 
at 20 billion tons and whether or not this be exact it seems 
clear that there is here a large body of valuable coal 

Malay States At Rawang m the Federated Malay States 
a black lignite coal is mined from a small basin of Tertiary 
rocks The coal is non-coking but of fair steaming value 
The bed is thick, more than 25 feet, and the dip is not too 
steep for cheap mining The total amount present is not 
known but cannot be enough to be of more than local im- 
portance ' 

Siam Small areas of coal are known in this country at a 
number of points, but there is no reason to anticipate the 
discovery of any large coal fields 


1 Mineral Indnstryj Aimtml, ini6 to loas 

2 Eutinrated, 

8 Ijot available. 

* **Ccal Resocrces of the World/’ pp 360 371 
B Sec J W Evans, Reei^rcea of the World/' 

Sclvcnor, Report on the Rantan Panjang Coal Measore*, 


VoL I, pp 340 350, J B 

ipi j 



CHAPTER III 

IRON AND STEEL IN EAR EASTERN COUNTRIES 

Steei torms the skeleton framework within the body of 
modern civilization Without steel the whole range of 
power-generating and power-using industries would be vir- 
tually impossible Modern building requires enormous 
quantities of it, speedy and abundant transportation are 
alike dependent upon it, communication, whetlici by tele- 
graph, telephone, and radio, is similarly conditioned The 
tools of industry and the implements of war, the thousand 
and one essentials and conveniences of daily life are ail 
made m whole or in part of steel The ease and certainty 
with which under ordinary conditions of trade it is available 
to anv country have led us to forget how essential it is, but 
in times of war or general trade disturbance a shortage of 
this material promptly drives home the fact that steel is 
necessary to modern industry In the world as it now is, 
no nation can be strong in time of peace or safe in time of 
war without an adequate supply of this basic material 

Steel IS made from iron, being an alloy of that metal with 
carbon and usually various other elements in minor amounts 
Iron IS one of the commonest and most widespread metals 
of the earth It is found, however, almost exclusively in 
compounds from which it must be reduced by metallurgical 
processes before being adapted to use Not all the iron 
found in the crust of the earth is adapted to known proc- 
esses, or if so adapted, occurs in such richness or in deposits 
of such size as permits treatment at any cost withm reason 
The black sand often strikingly in evidence on a seashore 
contains iron, but rarely, if ever, is it a possible source of 
supply for industry In a specific case, caicful sampling de- 
veloped that It would be necessary to mine 70 to 200 tons 
of the sand to produce one ton of black sand concentrate 

67 
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and that the latter would then contain such a large amount * 
of titanium and other deleterious impurities that to make 
iron from it was only feasible on a laboratory scale and 
without regard to cost In competition with deposits from 
which ore containing 6o percent or more ot iron capable 
of being mined in train-loads by steam-shovel and fed law 
into well-situated blast furnaces, it must be clear that the 
particular black sand deposit sampled had no value It is 
cited to indicate that the mere widespread presence of iron 
does not mean that an iron and steel industry may be built 
up 

To make steel it is first necessary to reduce the ore to pig 
iron or molten iron This is usually done in a blast furnace 
into which IS fed iron ore, coke or charcoal, limestone and 
a stream of air under pressure to furnish the oxygen neces- 
sary foL combustion The amounts of these various con- 
stituents needed depend upon their composition, but in a 
modern well-built and well-operated blast furnace it might 
well require, in order to make one ton of pig iron, two tons 
of iron ore, one ton or a little less of coke, a half ton of 
limestone, and four to five tons of air To make the coke 
Itself would require a ton and a half to a ton and two-thirds 
of a special kind of coal known as coking coal Since coal 
IS also burned to furnish power and heat for other incidental 
purposes it may be taken that roughly four tons of coal and 
two tons of non ore will be needed to produce one ton of 
steel 

To assemble all these materials, and to carry away the 
finished product and the waste requires furthermore a well 
developed system of transport and a close-knit organization 
Since modern blast furnaces are built to produce 300 to 500 
tons of pig iron per day and often greatly exceed these 
amounts, and since it is rarely advisable to build and operate 
a single blast furnace but instead furnaces are erected m 
groups, It is also evident that only deposits capable of yield- 
ing suitable ore in millions of tons, can be taken into account 
under modern conditions. It may well require 10,000,000 
tons or more of ore to supply one furnace for a period suffi- 
cient to amortize the cost of plant and make the business 
profitable Smaller furnaces than those mentioned are used, 
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it IS true, and not all furnaces aie driven at the high speed 
common m the United States, but any diminishing of size or 
slackening in the rate of output is promptly reflected m cost 
and handicaps the producer in competition If steel is re- 
quired in quantity and at competitive prices, there is no 
known way to produce the pig iron from which it is made 
except in large blast furnaces 

At various times and in various places, it has been pio- 
posed to manufacture steel direct from ore, usually by 
making a sponge iron and remelting it in an electric tuinace 
A considerable amount of experimental work along these 
lines has been conducted and a limited amount of actual 
production has been accomplished The method involves 
many difficulties and the process requires close supervision 
At present, a plant designed along these lines is being built 
in the Netherlands East Indies to use ore found m the 
Celebes, later to be discussed The process is one adapted 
to small-scale plants, or rather it has not yet been worked 
out so as to permit quantity production The plant cost 
IS high and except where costs can in large measure be dis- 
regaided or where electricity is available at costs below 
those possible under any but the most exceptional cir- 
cumstances, the process is not applicable A modern blast 
furnace and steel plant, if at all favorably situated, can pro- 
duce steel so much faster and so much cheaper that its out- 
put can stand a heavy freight charge and still undersell that 
from any direct-process plant built along lines now known 
or anticipated It seems unlikely that improvements m tech- 
nology will make it possible ever again to satisfy the world^s 
requirements from the small scattered deposits of iron that 
up to the last half century were individually sufficient to 
support furnaces 

In the manufacture of steel from iron, manganese ts used 
as a deoxidizer It is necessary to have approximately 
fourteen pounds of manganese for each ton of steel made, 
though this does not enter into its final composition In 
modern works aluminum is also used as a scavenger, and m 
making alloy steels for special purposes there is added to 
the final liquid bath variable amounts of tungsten, vanadium, 
molybdenum, or other metals according to the purpose for 
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which the steel is to be used and the paiticular qualities, 
which it IS desired it shall have These ferro-alloy minerals, 
particularly the manganese, are just as essential as are the 
iron ore, limestone and coke that are put m the blast fuinace 
but the amounts used are much smaller It will simplify dis- 
cussion to say at once that none of the Far Eastern countries 
seem likely to find their steel-making capacity limited by de- 
ficiencies of any of these Manganese occurs in China, ^ the 
Philippines,^ Japan® and elsewhere and, while there is 
not present evidence of the occurrence m any of them of 
large deposits of high-grade manganese ore such as are 
found m India, Russia, Brazil, and on the West Coast of 
Africa, it IS not impossible that they may be found Manga- 
nese IS one of the minerals for which the ancients had no 
use The great deposits of the world represent residual 
concentrations resulting from surface decay of rocks Con- 
ditions foi Its accumulation have been favorable in China 
and elsewhere and it is known to be present in important 
quantity It is possible that an exportable surplus of real 
importance m world economics may be present though this 
18 not known to be true It is suflicient to note here that no 
reason exists to antiapate, for the Far East, a shortage in 
high-grade manganese such as has at various times been a 
serious problem for American steel-makers, though this 
confidence in th.e suflSciency of the local supply rests quite 
as much on the improbability of a major steel industry being 
built up there, as on any evidence of the occurrence of 
manganese in quantity 

The occurrence of tungsten and other ferro-alloy mmerals 


1 C V Wang, “The Mineral ReBources of China,” Tieiitaln On page 23 will 
found note* on xnansraneao dcpo'Bits m Hunan, Kwangtunff and Kianggu V EL 
Ting, “Manganese Depo^tfe at Hai Hu T»uii, Chany- Ping Haien, ChiMl ” BulL Gcol 
SurV China, No 4, Oct , igaa W H Wong, China Year Book, 1935, cite* localiHea 
and eatunatcB current production at 50 000 tons per year 

3 Warren D Smith “Geology and Mineral Resource* of the Philippine Islands, “ 
Manila, 19*4 On p 464 he notes the occurrence of nunfianese, but states that no 

industry has as yet b«n developed Engineers of the New York Orient Mine* 

Compatiy found deposits of poilsible commercial Importance. 

8 In * Mimug lu Japan “ prepared for distribution at the S^oui Centennial at 
Philadelphia in 19*6 by the Japanwe Mine Ovmera' Asaoc, the following summary 
of the situation tv as made “ 4 fmitfane*e ore deposits arc widely distributed in Japan, 
hut dne to the small *i« of the deposits the yearly output 1* comparatively amall 
Therefore, the ore is bemg imported to meet the home demand. The manganese ore 

in Japan is a mixture of psiloraelane and pvrolueite* The (hrpositi are found in 

tloe Palrosoio in the form of lenses and in the Tertiary m the Irregular shapes. In former 
time* tnaugauese ore -was exported to foreign countries, but this situation has recently 
been changed, due to the rapid de-velopment of the iron Tforka and the chemical 
indii*try at home, which has caused an increased demand for the manganese. Japan 
Is now importing a large amount of manganese ore eyery year ” 
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used to impart special qualities to steel will be discussed m 
another chapter 

The principal iron and steel industry in the Far East lo 
in Japan, with a less important one m China Outside these 
countries there is nothing of any more than extremely local 
importance east of India and north of Australia Both of 
these countries are outside the scope of the pi csent discus- 
sion The actual situation as regards production in the 
various countries is shown in the following table 

PRODUCTION OF PIG IRON IN IHD F \R T VSTi 
{In Mfinc Tons) 

Fh\\\pt>xnc 


1919 

Japan 

690,000 

Chtaa ^ 

276 000 

Islands 

i 

1920 

613 000 

257,000 

83 

1921 

673,000 

226 000 

a 

1922 

643,000 

163,000 

T 

1923 

710 000 

H 

3 

1924 

698 000 

1 



The countries that ha\e been considered as potential pro- 
ducers are China, Japan, the Philippine Islands and Nether- 
lands East Indies There is general agreement that m the 
maritime provinces of Siberia, in Siam, Indo-China, and the 
Malay Sr^tes^ no iron or steel industry of more than minor 
and local importance is reasonably to be expected Iron 
ore IS widely distributed in the Far East as elsewhere, but 
deposits of such grade and size, and in such situations as 
regards fuel, flux, transportation and markets as to be eco- 
nomicallv important, are rare 

Since China is the largest of the countries and the one 
within whose borders the largest bodies of ore and coal 
occur, It may be appropriately studied first Iron mining 
and smelting have been conducted m Chun for 2,500 yeirs 
and the Shansi iron industry is doubtless the oldest still m 
operation in the world Iron is widely distributed and the 
presence of small native furnaces m various parts ot the 
country has led to the general belief that the iron 01 e re- 


1 Source Japan Mjiuug in Jnpan ' u Tlie XsWciatioii nf Wmr' Owners, 
China, Tejjcaigren p 3o<} Philippine Islands, *Gin;)lojiy and Miutral Rcflnurcea of the 
Phiimpino lalandji ’* p 44rt, Momn, 19J4 

1 Native Iron not itidaded The Chihtfie Miiiiirtry of XvncultUrc nnd rmnmewo 
tatimates that the prodnciiou of iron in 1916 was 170 lliouiaiul tens Tegtiigren, 


nnt arailable 
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sources of the country are enormous To this the writings 
of Baron F von Richthofen^ contributed greatly That 
emment geologist traveled widely throughout the country 
a half century ago and, in Shansi especially, seeing small na- 
tive furnaces everywhere and coal abundant, jumped to the 

gernmdoten Studlto. BotMb, iSj? 
Lettert i87>i 874 to tlw Sli fl n ghal Chalaber of Commerce. Sec, Ed , ShaagliaJ, 7^03 
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conclusion that the country could furnish materials for a 
great iron and steel industry His statement to tint effect 
has been widely quoted Largely as a result of expectations 
based on his writings, the Pekin Syndicate was formed to 
work the coal and iron deposits of the province W H 
Shockley, a well infoiTned American engineei, studied the 
proyince for that syndicate m 1898 and in October, 1903, 
presented to the Ameiican Institute ot Mining and Metal- 
lurgical Engineers a papei describing the mints ^ He 
found coal, both anthracite and bituminous, to be abundant 
and estimated the output of the iron furnaces to total 
50,000 tons per year, coming from furnaces having a ca- 
pacity of about one-third of a ton per day Of the deposits 
he said ® 

‘‘The iron ores are mainlv limonites and hematites, OLCurnng 
in Carboniferous shales and sandstones, as nodules, usually 
varjang from a few pounds to a few hundred pounds in weight, 
thougli masses of several tons ire said to have been found 
Sometimes there are several Lavers of these nodules, sometimes 
there is only a single stratum Iron ore occurs also in beds from 
a few inches to a foot or so thick, and in flat veins with a 
maximum thickness, at present, of three feet, though tradition 
says there have been beds of a thickness of tw^enty feet foimd 
in the past The native methods extract from 2'> to 35 per 
cent of iron from these ores ” 

This description of the occurrence of the ores in the sup- 
posed richest part ot China, supported by numerous de- 
tailed descriptions and measuiements of individual deposits, 
is enough to make clear that the deposits which for centuries 
supported a native iron industry have no significance under 
modern conditions This fact was pointed out by Thomas 
T Read ® when he prepared a summary of knowl- 
edge of China’s iron ore resources for use of the Interna- 
tional Geological Congress in making its survey of the 
world’s reserve Read had himself visited the Shansi mines 

1 “Notes cm the Coal and Iron hields of Sjutheastem SIiAnai China “ Tram. 
A» I M E., Vol XXXIV, pp 190^ 

8 eh , p 843 

8 “The Iron Ore Reiatirces of the ChmeM Impure’* “Tlic Irciti Ore Kei*ourcc& 
ijf the World^ VcJ It, PP 916-^24, Stoclcholm, 1910 
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in the winter of 1910, and regarding the deposits he wrote 
as follows ^ 

“Usually they are masses of no great size, commonly in or 
near a disturbed zone in the strata, or else m beds or flat veins, 
from a few inches to not more than three feet thick, of limited 
extent It follows, therefore, that no sufficient supply of 
uniform enough quality can be obtained from the Shansi de- 
posits, so far as yet explored, to form the basis of blast-furnace 
work on a large scale ” 

In the closing years of the Manchu dynasty’s rule over 
China, there was great interest m the mineral resources of 
the country and when Yuan Shih-kai became President, far- 
seeing plans were made for the study of the mineral and 
other resources preparatory to their development along 
modern lines A geological survey was organized under 
the direction of V K Ting, who had received both a Chinese 
and a foreign education and had recently graduated at the 
University of Glasgow in Scotland With him was asso- 
ciated W H Wong, who received his degree at the Um- 
veisity of Louvain At the same time, J G Andersson, the 
well-known Director of the Geological Survey of Sweden, 
was called to China to serve as Mimng Advisor to the 
President He associated with himself E T Nystrom and 
F R Tegengren, both experienced mining geologists 
Messrs Ting and Wong, recognizing the size and responsi- 
bility of the task committed to them, and the need of an 
adequately trained staff, spent the first two years m the 
conduct of a Geological Institute at the University in 
Peking, training some thirty selected students in the prin- 
ciples of modern geology and methods of making surveys 
From among the graduates of this course eighteen were 
selected, who became the working stafi of the new Survey A 
number of these have since supplemented their home tram- 
ing by graduate studies abroad 

Tmg ^nd Wong proved to be not only good geologists 
and good organizers but inspiring leaders, and the ydung 
men who have worked with and under them have given ex- 

1 T T Jlrad, ’'The Mmtral Prodxictlon aud Reflourcea o£ ddna^’^ TraiiB< A, I E», 
XLIII, New YorJe, p at 
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cellent account of themselves With inadequate appro- 
priations, poor and uncertain pay, amid ci\il war, and faced 
by every discouragement, this little force has done a sur 
prising amount of scientific work fully comparable m quality 
to that turned out by similar organizations in other lands 
under happier circumstances The familiarity of the staff 
with both Chinese and foreign literature has given it a 
special advantage and makes its leports pecuhaih vaUuhie 
Too many foreign experts misunderstand or misinterpret 
things Chinese or fail to tap resouices of local intoimntion, 
while on the othei hand Chinese writers Avho, unlike this 
group, have no foreign experience, are necessarilv handi- 
capped by lack of appieciation of the underlying economics 
and technology on which development in the industrialized 
countries rests 

J G Andersson was a specialist on non oies He had, 
indeed, served as editor of the monumental report on the 
iron ore resouices of the world compiled and published by 
the International Geological Congress, when it met in Stock- 
holm m which is the standard authont} on the 

subject of iron ore reserves T T Read and Diicctor K 
Inouye ot the Imperial Geological Survey of Japan, who 
had furnished the Congress leports on Chinese iron ores, 
had worked with but the scantiest and most uncertiin data 
Accordingly, Andersson came to China familiar at once wnth 
the important place of Iron m the modern world and the 
almost complete lack of information, tested by modern 
standards, regarding Chinese iron oies 

He found the President keenly alive to the importance 
of the matter and a systematic study of the ores of the 
country was at once projected In the succeeding years it 
was earned out with the complete cooperation of all con- 
cerned as rapidly as proved possible The results of this 
survey form the subject matter of a memoir of the Ge- 
ological Suivey of China, consisting of two volumes and an 
atlas® printed In Chinese and English and constituting not 
only the most comprehensive summary of knowledge of the 

i **Jrcm Ore I?«ourccs of tbe WorM ” 

Ji T(^tsiffreo, F R , ‘The Iron Ores and Iron Tndttstrv of China, Indtidlnff a 
Summary 6f the Iron Sltnatimi of the Circum Pacific Rcffton " vith alias, Mem 
Surv China, Str No. a, English twrt 457 Pp^ ;<3ai 54- 
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situation of the iron ore situation in China but a scarcely 
less valuable comparison of it with conditions m other 
countries bordering the Pacific 

The repoit is much too long to be summarized here For 



Fig 9 Map shoeing location of mart important iron art dtponu in China 


details as to individual deposits and enterprises or even de- 
scriptions of classes of ores, reference must be made to the 
original text As a practical matter the iron ore likely to 
be of value in building up a modern industry were found to 
be of three types which Tegengren describes^ substantially 
as follows 


1 op Pt* 1, p 7, f* 
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(1) ‘‘Archean ores, probably of sedimentary origin, form- 
ing part of a basal complex of crystalline scliists until granitic 
intrusions, whicli is exposed in larger and sm iller areas over a 
vast territory m northeastern Chihli and Southern Alanchurn 
The ores, distinctly quartz-banded cry^stalline hematite and 
magnetite, occur 
as extensive lay- 
ers occupying a 
definite strati- 
graphic horizon 
between mica 
schists, and 
quartzite As a 
rule the ore is 
poor, and ex- 
tremely siliceous, 
containing some 
30 percent of 
iron and above 
50 percent of sil- 
ica, but also beds 
of high grade, 
although some- 
udiat sulphurous, Fio lo Diagram illurirating ihf perceniage 

ores met with at forming Chtiia^j 

, reserve 

some places 

(2) *Tre-Cambnan bedded hematite ores (Hsuan-Lung 
type), with an oolitic or stromatolitic structure These ores 
form well-defined beds, alternating uuth quartzitic sandstone 
and slate Only one complex of occurrences, all of them form- 
mg part of one and the same original basin of deposition, is 
known to exist* These deposits, found in the Hsuan-Lung 
region in northwestern Chihli, together constitute one of the 
most important ore resources of China The ore is high grade, 
with some 48-56 percent of iron as an average, and has a 
medium content of phosphorus (average o 12 percent) and is 
practically free from sulphur and other objectionable constit- 
uents They arc the first known representatives of Pre- 
Cambrian oolitic ores 

(3) “Hematite and magnetite ores in genetic connection with 
Igneous intrusions of grano-diontic rocks of Post-Carboniterous 
age (Contact mctamorphic tpye ) This group is by far the 
most important one^ including several of the largest deposits 
known m China* The ore deposits, vnrymg m size from mmutc 
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occurrences of merely scientific interest, to large bodies, con- 
taining millions of tons, appear at, or near, the contact between 
laccolithic masses of grano-dionte and pre-existing sedimentary 
rocks of both calcareous and siliceous composition It seems 
justified to conclude that the ores were chiefly metasomatically 
deposited from aqueous solutions duung a period following the 
consolidation of at least the marginal parts of the diontic in- 
trusions The ores consist of licmatite and magnetite, the former 
mineral as a rule predominating The hematite is partly of a 
very finely granular or dense structure, but micaceous specularite 
IS also not uncommon, especially in druses and cavities The 
magnetite is mostly met with where the ore bodies come into 
immediate contact wnth the diorite, but also seems largely to 
occur m intimate intermixture with the hematite Hydrated 
iron minerals, such as limonite, are encountered in the superficial 
portions of the deposits As already stated, quartz makes up 
the bulk of the associated gangue matter , besides several of 
the deposits are also mixed up with garnet and epidote In 
some cases idioraorphic feldspar is met with m considerable 
amount Sulphide minerals such as pynte, chalcopynte, and 
bormte also frequently accompany the ore, occasionally m such 
a proportion that the commercial value of the ore is considerably 
lessened At one place (Ta-Yeh), accordmg to the experience 
gained hitherto, the amount of sulphides increases towards the 
depth 

‘‘Occurrences of this type are widely distributed jn Eastern 
and Central China and are encountered as far north as 
Manchuria and as far south as Canton Deposits of economic 
value are found in Shantung and Honan, but the greatest 
number of orebodies, some of very considerable size, seems to 
belong to a belt along the Lower Yangtse valley in the provinces 
of Kiangsu, Anhui, Kiangsi and Hupei The ores are some- 
what mhomogeneous, but the bulk is high grade, ranging about 
6o percent m iron, wath an mtermediate percentage of phos- 
phorus and a varying, but as a rule not objectionable, content of 
sulphur The ores of this type seem to be closely related to 
those of Korea and Japan, as well as the deposits along the 
Paafic Slope of the Americas 

Mr Tegengren’s ^ Summary of the ore reserves of China, 
may be quoted m abstract m the pages following, and a 

1 Op dt, p 387, 
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graphic representation of the lelative importance ot tlic 
reserves of the different types has been shown in big lo 

The Archean Oics of Clahli and Fcngtun ''The rc^onric^ 
of the extensive Archean belt of low -grade hematite mignttitt 
ores ire embodied in the following tabulation 

ARCHEAN IRON ORC RKSERVFb OF CHINA 

Jiirflf/i Cinnpuitwn 

Toii)ia[je if tj/ Ort 

Tunuage of Metallic itiin It SiO F ^ A 
Ore contained % ^ 

rjulili r tmn Hliicn KeRioii 3^,000 oou q 600 000 30 no tjJ 00 0 05 0 04 5 

I eiiiftien, 'Miao-crKou. Ho 

gion 70,000 ona - 3 =; 000,000 iT 414^^’ ‘ **- 

rcugtitn Kung Ch’nng I mp. 

Region ^t )8 ouo 000 90 uoo OiJO 33 ^^4 S' 3 J *' '*7 ^ ^ 

Fcnghcti An Shnn Region 400,000000 144000000 3000 4< 00 ou^ no. 

Ft^ngticn, Kuo Tj Sinn 2000,000 600000 31 ^(>00 o ojj 4 


Tot'll 772 oOo 000 .ijOi-200 noo 34 9 1'^ I -I'l ^7 


'‘Large though these tonnage figures nun setm — the\ die 
by far the largest tluit any group of deposits m Chin i i in hoist 
of — tlic economic cxploitabihtv of the deposits drjicnds entirely 
on the successful solution of the concentr.ition problem Since 
the amount of higli grade ore occurring in minor bodies wnthin 
the moss of low-grade ore is vcr> limited — hardlv exceeding 
I percent of the tonnage of low-gr'^dc since this 

minor portion is, moreu\cr, not recover ibk without mining 
the whole iron formation^ it is evident tliat any scheme of 
exploitation must be bised primarily on the utilization of the 
bulk of low^ grade ore 

“There may be a possibility that new deposits of this kind 
w^ill be revealed b> a detailed sur\ev of the detaclicd Archean 
areas of Northern Chihli and Southern Manchuria However^ 
considering the fact that these areas are rUlur limited m 
extent, and that the deposits, as a rule projecting as luIK, are 
comparatively easily traced, there seems to be little likelihood 
that any large orebodies could hitherto have escaped attention 

Ores of the Hsuan-Lung Regmi “This ore region, situ itcd 
m the northwestern part of Chihh proMnee, is among the most 
important m China The tonn.ige estimates and as^iys already 
given for this group of deposits have been condensed m the 
following tabulation’ 
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SEDIMENTARY IRON ORE RESERVES OF CHINA 




Tonnage of 

Average Compos^xon of 

Ore 


Tonnnne 

Mi,tall\c iron 

Fl 

SiO. 

P 

5 

No of 

Kncnm Resources 

of Ore 

contatned 

% 

% 

% 

% 

anal 

Hsin Yno 

17,836,000 

9,470,000 

53 10 

IS 90 

0 13 

0 03 

31 

P'ang Chia Pu 

14,863 000 

8 650,000 

58 T7 

13 81 

0 14 

0 03 

33 

Yen T’ung Sban 

12 946,000 

6 TOO 000 

47 80 

as 00 

0 15 

0 03 

37 

Total 

45i645»f>o<J 

34 310,000 

S3 3 

17 8 

0 13 

0 03 


Imperfectly Known 








Resources 








San CU’a K’ou 

3,000,000 

r,s3o ono 

53 66 

16 38 

0 08 

trace 

2 

P'anff Chia Pu 

43,000,000 

34 550,000 

57 10 

14 18 

0 17 

0 031 

6 

Total 

46,000,000 

26,130 000 

56 8 

14^3 

0 16 



Grand Total 

91,645 000 

50,440 000 

55 I 

16 I 

0 15 

0 03 



“In classifying the resources as above into known and im- 
perfectly known ones, no regard has been paid to the geographical 
position of the respective ore fields and to the transportation 
problem Naturally, m such a mountainous country as this, the 
latter enters very largely into the question of exploitability 
The distances of the various ore fields from Hsuan-Hua-Hsien 
city, on the Peking-Kalgan railway are as follows Hsin-Yao — 
70 kilometres, P^ang-Chia-Pu — 40 kilometres, Yen-T^ung- 
Shan — 10 kilometres 

‘Y'en-T’ung-Shan has already been opened up and con- 
nected with the Peking-Kalgan radway by means of a branch 
line, and may hence be included among the actually available 
resources P’ang-Chia-Pu, although lying at an elevation of 
about 420 metres above Hsuan-Hua, may also be easily reached 
by a branch line, smee the grade is even as far as about 5 kilo- 
metres from the deposit But in order to tap the Hsm-Yao 
(and San-Ch’a-K^ou) resources the pretty steep pass at Kuan-Ti 
— -which rises to an elevation of about 140 metres above the 
adjoining level ground — has to be crossed and, smee the coun- 
try beyond that pass is again at a lower level, the loaded cars 
from Hsin-Yao would have to ascend this pass Owing to 
these difficulties of transportation and the considerable dis- 
tance, it seems advisable not to include the Hsin-Yao deposits 
among the resources at present available for profitable mining 
Hence only the resources of Ycn-T^ung-Shan and P’ang- 
Chia-Pu should be reckoned with as mineable under present 
conditions 

“As regards the possibility of future discovenes uf additional 
deposits, It may be mtunated that the observations so far made 
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tend to prove that the stratigraphic hoiizon in which tlic ore 
has been deposited does not contain any workable ore outside the 
Hsuan-Lung; region proper On the other hand, it may be 
pointed out that, so far, the detailed geological survey has not 
been extended to the remoter parts of thib region and that it 
IS by no means improbable that isolated ore fields may be found 
southeast of the main outgrop-Aone 

Contact-Metamorphtc Ores ^‘From an economic point of 
view this group of deposits is at present b> far the most im- 
portant one This prominence is due not merely to the com- 
paratively high grade and purity of the ores but also equally 
to the geographical position of the majority of tlie dcpo5>its in 
the vicinity of the great commercial artery oi central China, 
the Yangtse river 

“The resources of ore contained in this group of deposits are 
tabulated below 

ACTUAL CONTACl IRON ORE REbLRVES OF CHINA 


ChUili 

Ctu Kuan Shan 
Shantunff 

Chin Ling Chen 
Honan 
Hung Shan 
Hm)ei 

Ta Yeh, Hanjehplng 
Alin 63 

Ta Yeh, Ilaiang I’l 
Shan 

Li^ HBLong 
O Ch eng 
Anhui 

T’ung Kuan Shan 
Ych Shan. 



T’ai P*ing Lo Pu 
Shan 

T’al P’lng \Vn Shan 
T'ai Phng Tung 
Shan 

T’ai P'lng Huang 
Md Shan 
T’gi P mg Chung 
Shan 

T‘ai P’Ing Ku Shan 
T’ai P‘lng T’mo "V u 
Shan 
Klangau 
LlKno Yi 


Feng Huang Slian 
Chekiang 
Ch*Ing Niu Shan 
Fukien 
Su Limn 
Kmnqai 

Cheng Men Shan 
T'ung Ling Shan 


Total 


4 ict0(/ff Compontton of Ori 

Tonnage of 7 onnage of Numhi r 


Ore 

Aiitallic Iron I c 

Mn 

*StL>J 

/ 

s: 

of 

Ri.saurcLe 

Cuntatni.(i 

% 

^0 

% 


% 'ina/ysis 

700,000 

280 UOQ 

40 u 






13,700,000 

7,600,000 

55 3 

(0 21) 

10 s 

0 04 

0 65 

15 

740,000 

450,000 

Oo 7 

Not dit 

9 4 

0 02 

0 08 


jo,5Do 000 

6,250 OOD 

59 5 

0 23 

f} 2 

0 ID 

0 32 


8,800,000 

5,070 000 

57 6 

<”0 13) 

0 4 

0 oO 

0 06 

15 

0 340,000 

3 840 000 

60 6 

Nut det 

It) 3 

0 03 

trace 

7 

10,000,000 

5 450 000 

54 5 

Not dot 

JO 7 

0 02 

u 02 

8 

3,500,000 

I 470,000 

SS 6 

Nut (let 

9 4 

0 08 

0 T3 

6 

? 

51 4 

Not ikt 

U 1 

n 04 

ti-^cc 

3 

3 750,000 

2,3on 000 

Or 4 

0 17 

I I 3 

0 0^ 

0 or 

3 

2 om>,Qno 

I 250 OQO 

Ca 3 

Not det 

5 ft 

0 Ji 

0 16 

10 

iS(i,ono 

go 000 

57 3 

Not dot 

rr 0 

0 4a 

0 07 

I 

1,750 

I 100 000 

58 0 

Not det 

9 0 

0 67 

0 1 1 

14 

zoo 000 

112,000 

$6 3 

Not det 


Ntit 

Not 


200,000 

133,000 

60 u 

Not det 

3 4 

det 

det 

I 

3,000,000 

i 600,000 

53 X 

(24) 

15 4 

0 44 

0 nj 

17 

1,700,000 

890,000 

53 3 

(0 is) 

31 1 

0 23 

0 07 

3 

125,000 

Co 000 

49 3 

Not fUt 

34 3 

0 08 

0 07 


3,000,000? 

I 500 000? 

50 0 

Not det 

18 8 




4,300 QOO 

3 150 OQO 

49 9 

0 29 

0 05 

31 

1100,000 

83 000 

41 0 

Not det 

39 5 

0 09 

trace 

a 

2,000,000 

1,000,000 

Sr 3 

Not dot 

g 64 0 04 

0 35 


6,300 000 

2,640,000 

42 0 

Not det 

37 t 

0 19 

0 17 

8 

S8n 600 

300,000 

S3 5 

1 96 

9 ^ 

0,13 

0 06 

3 


Ba,S3S^noo 45i6xfi»ooo 55 3 
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“The ibove table embodies practically all known deposits of 
any actual or prospective importance Several of them are, 
however, hardly workable under piesent conditions, partiv owing 
to their geographical position and partly owing to the inferior 
grade of the ore If we try to exclude all resources that from 
this point of view may be considered at present unavailable we 
find, however, that these make up only a minor portion of the 
total, as may be gathered from the following tabulation includ- 
ing only the actually available resources 

ACTUAL CONTACT IRON ORE RESERVES OF CHINA 


Chin Ling Chen 

Touftage 
of Ore 
13,700,000 

Tonnage of 
Metallic Iron 
Contained 

7 600,000 

T a-Yeh 

19,300,000 

11,319,000 

Ling-Hsiang 

O-Ch'eng 

6,340,000 

3,840,000 

10,000,000 

5 , 450,000 

T’ung-Kuan-Shan 

2,500,000 

1,470,000 

Tao-Ch’ung 

3,750,000 

2,300,000 

T’ai-Phng, Northern 
Tai-P^ing, Southern 
Feng-Huang-Shan 

4,300,000 

2,684,000 

4,825,000 

2,550,000 

2,000,000 

6,300,000 

1,000,000 

Cheng-Men-Shan 

2,640,000 

Total 

73,015,000 

40,853,000 


“The group of iron ores here under consideration is the main 
one that has so far been the object of mining operations on a 
modern scale 

“As regards the prospect of future discoveries, this seems to 
be as follows From theoretical considerations it may be re- 
garded as highly probable that, since the orebodies occur along 
the contact-zones between various sedimentary rocks and igneous 
masses intruded into them, and since a systematic survey of 
such contact-zones where new deposits are likely to be found 
has not vet been undertaken, such systematic surveys may lead 
to the discovery of orebodies which have hitherto escaped at- 
tention On the other hand, it must be remembered that the 
majority of these deposits, owing to the physical character of 
the ore, are liable to form the crest of hills They thus, as a 
rule, occupy a conspicuous topographical position, where they 
are not likely to have escaped even the nonscientifie prospector’s 
attention Hence, it may be predicted that the undiscovered 
deposits, which undoubtedly exist, may be found chiefly m 
localities where the contact-zone has not yet been exposed by 
the sub-aerial denudation, that is to say, where the ore-bcarmg 
i;one is hidden under a more or less extensive overburden of 
sedimentary rocks Deposits m such a position would, hovy- 
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ever, have to be worked by underground mining and Would 
thus be at a considerable disadvant.ige as eoniparid \vith the 
deposits ^vhlLh crop out on the present larulsuifiLC 

Other Type<; of Deposits “Notu itlistinding their u ide 
spread distribution over consider ibk regions in northern ind 
western China and the undoubtedh \crv largi iggicgatc ton 
nage they contain, there is little likelihood tliat the nodular 
deposits of Paleozoic and Aleso/oic strata will ever att un anv 
commercial importance from a modern industrial point of \icu 
The ores are of comparatively low grade, the indiMdual ore 
bodies are small and scattered md the accessible portions of the 
ore-bcanng strata are limited But as a suppl> for the locnl 
native iron smelters they w ill prolnhle, is in the past, Ik 
utilized for several decades ahead The inttasomatic hematite 
beds m eastern Hunan and western KiangM ire not hLcl> to 
prove workable owing to tJie thinness of tlic oic beds T.hc 
river bed iron sand, washed by the natives in man\ parts 
of the country, is generally very poor and obtainable in vtr> 
limited quantities It has therefore no economic importance, 
beyond supplying the small local nitivc smelters with their rc 
quirements Among the deposits reviewed in tlic preceding 
pages, there are several on which the information av ulablc is 
too vague and indefinite to permit of any reliable classifica- 
tion On the whole, however, it seems not likely from the 

data at hand, that these deposits will prove of any more than 
quite local significance 

**An attempt may be made to condense m one single table the 
estimates given above for the different groups ot deposits At 
the same time a distinction may be attempted between actual 
and potential resources Such a classiiication must necessarily 
b^ somewhat arbitrary 

SUMMARY UI' IRON ORE RESOURCES OF CHINA 

Actual Pi.tential 



Tottnapir 

Tonnage tf 
Aft foilwt JruH 

TonvLdQe 

Tonnagt of 
Aftlrll/n }rnn 


of Ore 

Contained 

of Ore 

Lonlami'ii 

Archean Ores 

395 , 000,000 

110,000,000 

477,000,000 

159,000,000 

Smian Or«, Heuap-Lung 
Region 

28,000000 

15,000000 

64,000,000 

36,000,000 

Contflct-mctamorphic 

Ores 

73,000^00 

41,000,000 

9,600,000 

4,800,000 

Other Types 



5,100,000 

1 3,400,000 

Total 

396,000,000 

166,000,000 

555 , 700,000 

302 , 200,000 


I Tlifa 0nure d<tcs not include the nMuIar nres of Shansi, whivh though tbc 
agwreffate tuonage m vti^ry large wiU verv likeH never b/* worked un « nn>dtrn 
icwo, «nd U I? fu noted tiwt the preceding table* included all urc, probable and 
afituaU rtSiardlcsS* uf iron content 
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“It IS at once evident that 950 million tons of iron ore is by . 
no means much for China and even if continued investigations 
would — what seems rather improbable — raise these known re- 
sources to the double amount, the general situation would not 
be essentially altered One thing, therefore, is certain 
China can no longer be regarded as a storehouse of inexhaustible 
future reserves of iron ore, to be drawn upon when the supplies 
of other countries are beginning to give out On the contrary, 
her iron ore resources must be termed very modest, or even scant, 
when her potentialities of industrial development are taken into! 
consideration, and the strictest economy would be indispensable 
to guard against future unpleasant contingencies By way of 
illustration it may be pointed out that the total quantity of iron 
ore (botli actual and potential) represented by the figures above 
would be consumed by the iron industry of the United States 
within less than nine years And then it has to be noted that 
the bulk of tliese resources consists of the low grade Manchurian 
ores, the exploitability of which is still somewhat problematical, 
or which at any rate are far below the average standard ” 

As Mr Tcgengren notes, the largest amount of ore en- 
tering into these estimates is that of the '‘Archean” type, 
which IS credited with a possible 772,000,000 tons contain- 
ing just under 35 percent metallic iron These estimates are 
based upon studies of a series of detached deposits forming 
a line from the Korean borders across the Manchurian prov- 
mce of Fengtien, passing presumably under the Liaotung 
gulf and reappearing at Lung-hsien in Chihli ^ The total 
distance is about 350 miles and despite the apparent narrow- 
ness of the zone it is, as Tegengren remarks,* comparable 
m extent with the great iron ore ranges of America and 
Europe Unfortunately, it is by no means comparable as to 
grade and very little of the material would be classified as 
ore m calculating reserves elsewhere Along the range there 
are at a few points bodies of ore containing 60 percent or 
more metallic iron and capable of being smelted direct in 
blast furnaces Tcgengren believes these to be the result of 
later local concentration due to heated waters from nearby 
intrusives, and estimates that such ores are extremely limited 
m amount and represent less than i percent of the total. 

X The principal locaktiM tre indicated m Fitf 7k 
a Op cit , p, g7 
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Specifically, he estimates^ the total high-grade oie in the 
four Manchurian districts ns amounting to but 6,300,000 
out of the total of 740,000,000 credited above 

As an example of these oicbodies, the description ot 
that at Miao-ei-kou may be quoted from the general article 
on the Pen-hsi-hu district by C F Wang, a Columbia 
graduate connected with the Sino-Japanese Company oper- 
ating coal and iron mines and blast furnaces at that point “ 



“The great magnetite belt in Fengtien Province ih extensive 
in area and the depobits aie of large si/e Near Lno-yang, at 
An-shan-chang, poor ores — from vo to 50 percent iron — occur 
mostly in the form of magnetite m la>er5 \Mth quartz Near 
Yao chien-hu-tun, at Wai-tou-shan, the ore contains 40 to 50 
percent magnetite, dipping 45° west and about 100 feet 
(30 metres) tliick, lies between quartz-porphj r) and gneiss 
At Miao-er-lcou, the ore zone js 300 to 600 feet thick, including 
two rich veins, 50 and 33 feet thick respective!}, and 66 to 
70 percent iron The ore lies between walls of talc-schist 
Above the talc-schist is gneiss and quartzite The tunnel in- 
tersects pure white talc-schist, clilonte schist, poor ore, and 


1 pp clt , Tc lai 

C K , “CtKU and Iron of the I*cn Hbi Hu District, Manehurhu* 


2 VVaHif, _ 

Tnm. A t 


Jil E., EIX, p 433, 3918 



86 ORES AND INDUSTRY IN THE FAR EAST 


iinally the rich oie The rich ore is so far known to be about 
480 feet long and 50 feet wide, narrower at the middle and 
ends At present there are three levels 120 feet apart and a 
fourth level is being driven A cross-cut from the first level 
cuts the eastern rich vein, the Lingnan-k’cng, or Ling-nan pit 
Two other rich veins of 15 to 25 feet exist further cast of the 
Ling-nan pit This ore belt at Miao-er-kou can be traced north 
for about a mile from where the ore bin is located, at the point 
where the gravity plane connects with the light railroad There 
must be two faults or more , one cutting the talc-schist which 
here forms the eastern hill with the quartzite appeanng m the 
opposite hill a few feet away No gneiss can be seen except to 
the east, where the quartzite lies above the gneiss, a little fur- 
ther east the gneiss predominates Here along this valley, there 



must be a second fault The ore disappears, reappearing in the 
southeastern hills at Hei-shan-pei Most of this ore is low 
grade, it can be traced for over 4 miles, roughly speaking On a 
conservative estimate, the orebody at Miao-er-kou, with about 
500 feet now developed, must contain over 100,000,000 tons, 
of which about 2,000,000 tons contains 60 to 70 percent iron 
the hills to the west of Ch*ao-ho, at Ti-hsiung-shan an- 
other magnetite body occurs The magnetite there, dipping 
about 45® to 50^ west, lies between rhynlite-porphyry and talc^ 
schist, which is of widespread occurrence in this part of the 
country The orebody is about 30 feet wide and extends a few 
hundred feet, dippmg about 65^ southwestward The eastetn 
side has better ore, but it is lower m level This ore has been 
Worked for over 80 years by the natives and about 25a tons of 
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the ore per ^ear 19 smelted at Sai-ma chi for m iniifactuniip; 
agricultural implements and home utensils, in 1 small cupola 
furnace 6 feet high and 2 feet in diameter No limestone is 
used, the coke is 2 i of non ore bv \olume Ten miles 

further westward at Tung-yuan pu, so miles southeast of 
Nan-fen, or about 40 miles southeast of the IVIiao er kou de- 
posit, the magnetite body is agiin found It is dukei in color 
between gneisses It is about ao feet wide, dipping ao'’ west and 
about half a mile long A. conservative estimate of tlic orcbody 
here is i, 000, 000 tons of ore of about 60 per cent iron I h ivc 
found poor ore also at Hsiao hci-shui, two miles cast of Tung 
yuan-pu, and at Fan chai tai All these arc associated with 
gneiss and talc schist There arc prohahlv other places of 
w'hich I liave not been informed, 01 hate not jet found In 
a general ua>, this great magnetite belt probabh contims over 
500,000,000 tons of ore, including rich and poor, associated 
wuth talc schist and gneiss ’’ 

It Will be noted that Mr Wang ci edits to the magnetite 
belt “including iich and poor,“ a possible 500,000,000 tons 
ot ore and to ]\Iiao-er-kou, 100,000,000 tons of w Inch 
2,000,000 contains 60 to 70 percent of iron and accord- 
ingly, IS all that may properly he considered as ore now 
Ml Tegengren’s estimates made later, give 740,000,000 
as the gross probable tonnage for the Manchurian belt of 
iron-bearing rocks, 70,000,000 tons for Miao-er-kou alone, 
and 2,000,000 tons tor the high grade ^ The estimates ot 
gross tonnage are m all cases approximations only 

In considering the real \alue of the Aichean 01 cs it is 
clear that their grade is all important Tlic analyses 
quoted by Tegengren" show that he as well as Wang 
classified as high-grade ores those ranging from 60 to 70 
percent m iron The low-grade ore ranged from 34 58 to 
37 ^3 percent in iron with silica of 45 74 to 49 84 Such 
material is not suitable for the furnace but requires pre- 
liminary treatment The fact that much the larger part 
of the material found in the non-bearing belt is of this 
grade and character was not at first recogiiwed, and both 
the Pen-Hsi-Hu and the Anshan companies have found 
themselyes obliged to revise their plans to meet this Situ- 

I Op* dt, p Jtoat p, u? 

a Ofj Ctt, p, io| 
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ation To work such ores will require fine crushing to per- 
mit separation of the iron from the silica and atter that 
either wet or magnetic concentration Oi these the latter 
seems likely to be required for most of the ore, and it will 
require generally a preliminary roasting Finally, the iron 
concentrate must be sintered or briquetted before it can be 
fed into the furnace Methods for accomplishing all this 
are known and in part have been worked out in their ap- 
plication to Manchurian ores They all, however, add to 
the cost of the furnace burden and constitute a handicap 
for enterprises dependent upon these deposits In the 
Lake Superior region of the United States there are mil- 
lions of tons of similar material not counted as ore and 
large sums of money and much technical ability have been 
devoted to making from them an acceptable furnace ma- 
tenal While the technical results of the work were all 
that could be desired it has so far proved impossible, de- 
spite the expenditure of money necessary to give the enter- 
prise the full benefit of large scale operations, to produce 
a sinter that can compete regularly in the general market 
with the raw ore still abundant in that region In New 
York, and at various places m the world, magnetically con- 
centrated iron ores are used but resort is only made to them 
when special propcitiea are desired or special conditions of 
market or manufacture permit 

In time, doubtless, beneficiated iron ores will be commonly 
used but not so long as raw ores of suitable grade and 
character are available For the present, and for a period 
that it 19 not now feasible to define, the iron-bearing rocks 
of the Archean in Fengtien and Chihli can only properly 
be considered ores to the extent that they contain ore of 
the “rich^’ class So far as present knowledge goes, this 
reduces them to a minor position It is possible, indeed 
probable, that closer geological studies and more careful 
prospecting with diamond drills or otherwise will reveal 
the presence of additional bodies of ‘hich” ore The area 
IS large, the indications favorable and the need of the local 
furnaces, paiticularly that at Anshan, will in time force this 
exploration In 1922, a commission of Araencan mining 
engineers and geologists consisting of Messrs* W R Ap- 
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pleby, W J Mead, W H Crago and Fiank Hutchinson 
studied the iron ore problems of the Anshan plant for the 
owning corporation, the South Manchuria Railway While 
no repoit has been published it is geneially understood that 
they pointed out areas for prospecting with the hope that 
sufficient high-gi ade ore might be found to supply the works, 
but in the records as now "known there is nothing to war- 
rant belief that the region offeis oppoituiuty for develop- 
ment of an iron and steel industry of world impoitance ^ 
Probably the most important single iron ore region in 
China is the Hsuan Lung in the loiigh niountamous belt that 
sepal ates the Chihli plain from the Mongolian plateau 
Here, i'^5 to 170 miles northwest of Peking, is a remark- 
able senes of deposits of wduch the importance was not 
recognized until 1914 It was Bailey Willis, apparently, 
who fiist, recognizing the geological similarity of the forma- 
tions of this horizon to those in the T ake Superior region, 
suggested that search for iron 01 e might wxll result favor- 
ably^ No attention seems to have been paid to this hint, 
if indeed it was known in China, and attention was first 
attracted to the deposits by sale of some of the ore for 
making red paint in 1912 The deposit attracted the at- 
tention of Okura & Co but was condemned by Japanese 
experts evidently unfamiliar with this type of ore When 
in 1914, it was called to the attention of Andeisson he at 
once appreciated its possible importance and under his ad- 
vice the Geological Survey made the topographic and 
geological surveys and did the sampling that demonstrated 
the value of the deposits 

The iron is found in the form of a series of oolitic and 
stromatobtic sedimentary beds between slates and quartzites 
The beds are of workable thickness, Avell situated tor min- 
ing, and, as already indicated, the total tonnage is ot the 
order of 90,000,000, with an average composition of 

Fin tilt 

Fe S'; 10 

SiOi 16 10 

P o 15 

S aoj 

1 The ffctJogy of these particular sits has been maiiped in detail by H Mura 
kfltni and his report has been published b> the South Maiichnrm Railway 

* *‘Mlneml Resources of Cturm ** Ecnnnmlc Geology, Vol III, p ay, lyoSj 
3 For history and detailed descriptions, bee Tegnigrcn, op cU , pp 0487 
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FlO 13 Map and cross ssctton of Yen Tung orehody from sur<veys by 
J G Andetrsson as shov^n on plate 8 of Tegengren'i atlas The figure 
illustrates ho^ ike ore ocatrs as a bed beHoeen the quartette and hpie* 
sitne 
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The ores are similar in occuirence and in appearance to 
the ‘‘Clinton’’ ores which form the basis of the iron in- 
dustry of Alabama > and owing to the mode of then oc- 
currence and the care with which the surveys were made, 
confidence in the tonnage estimates is fully warranted de- 
spite the fact that they wcit preliminary only Unfor- 
tunately, as contrasted with Clinton 01 es, the impurity is 
mainly silica in place of lime This makes the ores moie 
expensive to smelt because lime must be added and more 
fuel needs to be used None the less they form a suitable 
basis for an iron industry, the diftculties imolvcd being 
those connected with the cost of assembling scattered i aw 
materials and marketing the output 

The third important class ot iron ores in China, and the 
one which has so far furnished most of the iron, is the 
contact-metamorphic ores An estimate of the amount 
available at various points has already been given, and the 
actual reserves are placed by Tegengren at 7^,015,000 tons 
containing 40,853,000 tons of iron It is notonouslv 
difficult to make accurate advance estimates of tonnage in 
contact-metamorphic deposits The bodies arc extremely 
irregular and continuity m any direction can not be assumed 
in advance of actual exposure This accounts for the fact 
that the uniform result of closer studies of the individual 
deposits m this class has been to decrease the amount of 
ore apparently present Since sharp controversy, at times 
threatening mteinational complications, has raged around 
several of these occurrences, a few detailed examples may 
be cited 

Chm-hng-chen is a station on the Shantung railway 17^ 
miles west of Tsmgtao Near it, m some low lulls rising 
out ot the plain, iron ore occurs along a contact between 
Ordovician dolomite and diorite In ancient times the 
ore was mined and smelted by using coal, which occuls 
in outliers of the Carboniferous nearby These deposits 
attracted attention while the railway was being built and 
plans were made to work them and to reduce the ore in 
blast furnaces to be built within the Tsmgtao concession 
A company, m which the Krupp interests were concerned, 
was formed for this purpose. The estimates of reserves 
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Fig 14 Map of Vteh Shan orehody ai Chinhngcken HJoith sheich of ore 
as sho^j^n by drilling From sur^veys by '^Geological Survey Chtna^* 

then made public called for 100,000,000 tons of ore of 
which 49,000,000 tons was considered fairly definitely as- 
sured and 20,000,000 tons easily worked The analysis 
given was 

Percent 

Fc 65 00 

Mn 0 a4 

P o 03 

S 008 

The German plans were stopped by the war and when 
the Japanese took control it was wisely decided to check the 
ore estimates by diamond drilling No complete statement 
of the results was made public but those that became avail- 
able, such as an estimate of 17,800,000 tons m the Sze- 
Pao-Shan deposit, proved later on field exanunation by 
Andersson and his assistants ^ to be much too large As 

1 op clt, p mo 
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the final result of Andeisson’s field examination and study 
of the results of German and Japanese drilling, a probable 
reserve of 13,700,000 tons of ore in the Theh-Shan de- 
posit was allowed and the other occurrences lated as un- 
important The grade of the ore will also, as it appears, 
prove to average materially below expectations^ as shown 
by the following quotation 


^‘The samples of surface ore have evidently been taken mostly 
from these rich and hard outcrops which have best withstood 
the destructne agencies They show very high iron content 
(6651 percent) and low content of sulphur (0066 pciccnt) 
At the same time they arc low in silica (3 14 ptuent) whicli 
may seem strange at a first glance but is easy to understand, 
when considering that the silicate (epidotc rock) is more easily 
destroyed bv w^'eatlicring 


Fc 

S 

SIO, 


Surface Ore 
(Average of 
1 1 au(Uyses) 

66 519^ 
0066% 


3 14% 


Underground Ort 
( iverage of 
r analyses) 

55 ^7% 
o 66^/0 
1046% 


‘'At deeper levels we get lower content of iron (S5 27 per- 
cent) and correspondingly higher percentage of sulphur (o 6P 
percent) and silica (1046) This is a fact of considerable 
practical importance In the early reports the 1 heh-Shan ore 
was described as exceptionally rich in iron and low m sulphur 
and silica But as mining lias progressed to some depth bdow 
the surface, it has become increasingly clear that the average ore 
to be mined in deeper levels hardly will exceed 56 percent in 
iron and that the content of sulphur and silica will probably 
be about o 1-06 percent and 10 percent respectively ” 

(The Theh-Shan orebody is illustrated in Fig 14 based upon 
plates 15 and 16 of Tegengren's atlas ) 


Another instance of shrinkage m estimates that may be 
cited IS m connection with the orebodies at Taveh winch 
form the source of supply tor the Han-Yeh-Ping furnaces 
near Hankow and the new turnaces at Tayeh These 
deposits and the enterprise itself have been so fully and 

1 TcgeDflTcn* op clt., p 151 
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completely described ^ that it is not necessary to go into 
details 

The deposit is o£ the usual type common in the Yangtze 
valley developed along the contact of a diorite intrusive 
and limestone which in this case are probably but not cer- 
tainly of Permo-Carboniferous age Tegengren cites two 
estimates eailier than his own made in 1921 One was made 



in 19 1 1 by Leinung, the German engineer early connected 
with the enterprise, who placed the reserve at 103,934,375 
tons The other was prepared m 1905 by LeRoy, an en- 
gineer then in the Imperial service, and gave a total of 
i^y^io^ooo tons Tegengren’s own estimates gave 32,- 
000,000 as the original gross tonnage subject to reduction 
for rock inclusions and for ore already mined As a net 


"‘Mineral produetbn and Rcaonroea of China” A I, M E, 

vol pp 2834* 101:4 

Wold, a hL, ’'Tho Tay<A Iron 0 ns Depoelta ” Tratio A* I M, K, Vot XLIV* pp 

K , “The Taydi Iron Mine, China*” Tour Roy Soc. Arts, Vol LXII* 
t9t4* idi8-ioaa ^ » 

^Ucr, A T , “The Tayeh Iron Mingu China*** Mm* fit ScL PnsM, Vol loo, p 346* 
JrOn and Steel Works at Hauyan|f^ l(up^ China*” Eng A Mi n. JoUr , 19 iq, raar 


^ ^ Depodta, China,** Tram A* I, M* E , Vol 

LVIll, pp. 19 

Tegenattsn, op* cit*, pp i 3 i 197 
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figure he came to 19,262,000 tons as ore lemajning to be 
mined above water level 

Still another deposit which has given use to sharp con- 
troversy IS the Feng Huang Shan and neighboring 01c- 
bodies near Moling Kuan about twenty miles south ot 
Nanking These deposits were bi ought to the attention 
ot the Geological Survey sdon alter the lattei was organized 
A topographic map was made by Aimy engineers and a 



Fig 16 Gfoloffy of the Tayeh orehody, acrordxn^j to T T Read 

reconnaissance study was made by Andersson On the basis 
of area of outcrop and extent abo\e flood plain a tentative 
estimate of 40,000,000 tons ot mineable ore made I 
later visited the deposits but there being no additional data 
the early estimate was accepted, subject to confirmation by 
drilling or test-pitting A sharp controversy as to title 
ensued and it was not until 1 9 20 that it was possible to 
make the necessary excavations, when three tunnels and 20 
trenches were cut across the orebody by experienced en* 
gineers and studied by Andersson and assistants As a 
result the tonnage down to river level is now estimated at 
4,300,000 of which 2,000,000 IS available by open cuts ^ 
New^spaper comment and early Consular reports were 
full of accounts of large iron ore deposits in the Ankhoc 


I Tegcpgren, op p 350 
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distiict of Fukien but persistent search in 1917 by N L 
Wimmler and George Scaife, engineers of the staff of 
the New York Orient Mines Co , failed to find any deposit 
with a probable tonnage of more than 2,000,000 In one 
case a mountain of dark poiphyry had evidently been mis- 
taken for a “mountain of non ore ’’ 

This unifoim shrinkage of deposits when submitted to 
careful examination and test, can not be without signifi- 
cance Many more examples might be cited Such mis- 
takes are not uncommon on the part of unskilled observers, 
and m the mam the knowledge of Chinese ore deposits that 
has found its way into popular and semi-popular writings has 
rested on inlormation either far fiom complete or based 
upon observations of persons not trained either as geolo- 
gists or engineers 

Only a small portion of the available data on Chinese iron 
ores has been heie quoted It is all to be found or is cited 
m the Tegengren report already mentioned, and on all 
critical points Tegengren’s estimates have been checked by 
other engineers The evidence would seem to be conclusive 
that there is no warrant in present knowledge for the ex- 
pectation that China will be able to supply iron ore that 
will contribute to the world’s exportable surplus to any 
considerable degree or even that China can support for any 
long period a domestic industry consuming steel per capita 
at a rate comparable to those in Western countries As 
Tegengren points out ^ 

“The total quantity of iron ore (both actual and potential) 
represented by the figures above would be consumed by the iron 
industry of the United States within les*' than nine years*’ 

When account is taken of the larger population of China 
and the commitments already made to supply ore or pig 
iron to Japan, it must be clear that China can not go over 
to any modern basis of industry without importing enormous 
amounts of steel 

The present iron and steel industry m China has been 
discussed by many writers but the best summary statements 


1 Op Cit , p agj 
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are those of Tegengren ^ and Hoyt " Tegengren de- 
scribed the native furnaces and methods of production and 
points out the various excellent reasons why they can never 
be expected to contribute iron to geneial trade He lists 
1 6 blast furnaces at 7 plants having an aggregate theoretical 
daily capacity of 2,700 tons or 900,000 tons of pig iron per 
year, but is careful to point out that at least two of the stacks 
are obsolete and that the remining 840,000 tons annual 
capacity could only be achieved under most favorable condi- 
tions He also points out that pig iron production of recent 
years has ranged between 200,000 and 300,000 tons and 
that of this 160,000 to 200,000 has been annually exported 
to Japan On the other hand, iron and steel have been im- 
ported to the amount of about 300,000 tons pei year, mak- 
ing the net domestic consumption 5i;o,ooo to 600,000 tons 
per year 

Hoyt only credited the country with 12 stacks of 100 
to 450 tons daily capacity, rating the others as obsolete 
He considered that if the furnaces lived up to their capacity, 
900,000 tons of pig iron could be made per year, but noted 
tliat at the time he wrote, the output was actually at the 
rate of 180,000 tons His report and supplements go 
fully into details as to plant, costs and efficiencies He 
considered it doubtful whether any of the T^^p^inese-owned 
furnaces in China could deliver pig iron at Kobe at less than 
$38 gold per ton and stated that ‘‘Every furnace now opei- 
atmg in China, should on the basis of cost and 1 elation to 
selling price, be blown out at once ” He found that all 
the furnaces then running were doing so by virtue of a 
government subsidy m some form He also judged that 
it would be many years before the blast-furnace practice in 
China and Manchuria would approach the efficiency common 
and necessary in the United States He closed his report 
with the conclusion that “Until coke is dehv^ered at the 
furnace stock-house at a cost approaching that in America, 
China will continue, as she is to-day, a country without a 
steel industry This careful study of actual conditions by 

1 op cit, pt 11, pp 197403, capedallj p 396 

a "Blast FuTbacts and steel Mills m CnCoa LanslnR W Hoyt, Trade Com 
mi&sicmer, Bnreau df Forelcn and Domestic Comracircei Kept No 4373 Wusihiugton, 
Aug 15, ip3a 
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one familiar with modern steel making is especially worth 
consideration 

Outside China and Japan, it has already been indicated, 
there is now no iron and steel making in the Far East of 
other than local importance Tegengren has summarized 
the situation as it existed m 1922 ^ and has given numerous 
citations to reports on the individual countries In eastern 
Siberia, he quotes the reports of Bogdanovich ^ and 
Tikonovich ® to the effect that the deposits are few m num- 
ber and lange in size from 1,500,000 to 2,000,000 tons, 
and the total probable reserve is of the order of 5,000,000 
to 6,000,000 tons In Indo-China, Siam and Malaya, he 
found no reason to anticipate the discovery of important 
bodies of iron ore and this checks with the observations of 
the engineers of the New York Orient Mines Co and 
others This leaves Japan, the Philippines, and Netherlands 
East Indies to be discussed 

The possible iron ore resources of Japan have been most 
carefully studied by the Imperial Geological Survey In 
the summary prepared for the International Geological 
Survey Congress by K Inouye, then Director, the actual 
iron ore reserves were placed at 56,000,000 tons in Japan 
proper and 4,000,000 m Korea It was then assumed that 
moderate additional amounts would be found Writing 
twelve years latei and summarizing all additional data, 
Tegengren quoted the figures below, though he expressed 
personal doubts as to the total in view of the failure during 
the War boom to increase output 


ESTIMATED IRON ORES OF JAP\N 


Magnetite 

Kamaishi mine, Iwata 

Tofts 

35,000,000 


All others 

5,000,000 

Hematite 

Echigo, Rikuchu, etc 

30,000,000 

Liraomte 

All 

10,000,000 



80,000,000 


An attempt is now being made to develop and use cer- 
tain beds of magnetic iron sand found in the Tertiary de- 
posits of the northern part of Hondu The deposits are 

1 Op cit . pL II, pp 405 416 

3 Ore Rcsotirccs of the World/* Int Geol. Confr , 191b, pp 541 543 

^ Idem , pp» 1361 1365 
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found on Kujj Bay m Iwate prefecture and have been known 
and worked m a small way since 1650 They are now 
being developed and the engineer, James W Neill, has 
recently published certain details^ from which the follow- 
ing IS quoted 

^‘Tlie deposits lie in the footliills about five miles baek of 
the town, at an elervation of about 8oo feet, and extend for 
about 15 miles along the foot of the higher hills They con- 
stitute an ancient ocean beach, which lias been ele\ated to its 
present location The iron was originally deposited ^is a 
magnetite sand brought down b} streams to the ocean from 
some erosion area in the mountains and distributed by v ave 
and current along the ancient littoral The Tokiua Company, 
Ltd , of winch Goro Matsukata is president, has prospected tlie 
deposit for some 15 miles in length The greatest width thus 
far determined is 4,ocxD feet and the average deptli of mmable 
ore about 10 feet, tiiough m places the sands carry good values 
to depths of 75 feet 

“These iron sands are deposited in layers of \arying iron 
content, the best grade usually being at the top They he 
either upon the bedrock or upon other lajers of sand and gravel 
of little or no value They carry persistently a small amount 
of gold The ore consists of magnetite grains, wnth much 
limonite derived partly from the breaking down of the magnetite, 
together with barren sand, pebbles, and in places boulders of 
fair size, all well rounded The grains are very fine, practically 
all passing 65 mesh 

“The limonite in the ore is also derived in part from the 
oxidation of the hypersthene, which is quite abundant in die 
orignal ore The magnetite carries about 14 percent T1O2 
and the crystals of ilmemte (rutile?) are so minutely interlaced 
m the magnetite grains that crushing to 100 mesh fails to 
effect a separation The hraomte carries from 2 to 5 percent 
TiOs only In tlie ground thus for developed the ore carries 
about 35 percent magnetite, and this contains 40 percent of 
the total iron, the balance is in the limonite*^ 

The metallurgical problem is complicated by the fact 
that the iron is in two forms and by the presence of titanium, 
A process has been developed for meeting these difficulties 

1 Iron Jrom Utach SanOi in Japan , ' Enginecrinff and Alining Journal, 

Fet 5» PP ^43 
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and a plant is now being built It is proposed to roast the 
ore, make sponge iron, convert that into briquettes, and in 
turn make these into steel in open health furnaces Such 
a series of processes will be expensive though not neces- 
sarily fatal to success The data published do not permit 
any independent judgment as to the amount of oie avail- 
able for treatment but, having in mind the difficulties in the 
technology of making non from such material and the 
world-wide experience that such sands are much less abun- 
dant than first appeal ance indicates, there seems no reason 
to anticipate that the enterprise will do more than supple- 
ment the existing iron output of the Empire 

That Japan, the largest consumer of iron and steel piod- 
ucts m the Far East, possesses iron ore resources entirely 
inadequate to her needs, is freely admitted on all sides 
Despite this disadvantage the Japanese have made a brave 
and determined effort to build up an non and steel industry 
The figures of production, imports, and consumption for 
recent years are given in the table below 

JAPAN’S PRODUCTION AND CONSUMPTION OF IRON AND STEEL ^ 


(In 1000 Metric Torn) 



Piff Iron 

Production 


Imports 

Exports 

Batance 

avadable 




Sojtth 



Kefinod 


Refined 


Japan 


Man- 


Pv 

iron and 

Pio 

iron and 

for con- 


proper 

Korea 

chnria 

Total 

iron 

itegl 

iron 

steel 

sumption 

191a 





265 t 



ti 6 


1913 

2403 



240 3 

51S 9 

04 

1,009 3 

1914 

3cx> 2 



300 3 

169 I 

387 a 

0 2 

II 3 

845.0 

1915 

3177 


39 9 

347 6 

1668 

231 0 

04 

II 8 

733 5 

1916 

3887 


490 

4377 

23a 0 

426 8 

I 6 

14,3 

1,0807 

1917 

4507 


38 6 

4893 

233 2 

584.8 

3 3 

31 I 

1,371 9 

1918 

58a 8 

437 

45 7 

671 2 

225 I 

603 7 

I I 

47 3 

1,451 6 

1919 

505 5 

784 

lO^ I 

7800 

283 2 

660 2 

I 9 

61 2 

1,660 3 

1920 

sai I 

84 I 

116 0 

721 2 

348 6 

979 5 

3 5 

44.6 

2,001 9 

T92I 

475 9 

83 0 

93 9 

653 8 

337 I 

601 0 


23 7 

1,467 a 


It IS difficult to make sure of accurate figuies covering all 
the Items m such a table as above owing to differences in 
the basis of the collection of figures and in definition The 
table given represents the conclusions of a careful, in- 
formed engineer close to the sources of information and 
reflects the facts with a high order of accuracy For the 
succeeding years the Japanese Mine Owners Association 


1 op clt, p 410 
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give the following figuies for pig non production, piesum- 
ably including Korea and Manchuria 1922, 6424, 1923, 
710 6, 1924, 698 2, thousands of metric tons 

There is a theoretical furnace capacity m Japan for 
making about 1,500,000 tons each of iron and steel In 
1924,^ the actual pioduction of pig iron was 698,000 tons 
and of steel 906,000 The largest plant is the Yawata, 
near Moji, owned by the government and including five 
blast furnaces having an aggregate capacity of 400,000 
tons, and a steel plant of 525,000 tons capacity together 
with various finishing plants There are also the Kamishi 
iron and steel works, the Nippon, the Sumitomo, the 
Kokura, the Mitsubishi and others in Japan proper, and the 
Anshan, Penhsihu, and Tayeh in China The furnaces in 
Japan draw 01 e from domestic mines and also import from 
Korea, China, Malaya, and at times from the Philippine 
Islands The individual furnaces are smallei than is usual 
in the United States, they are druen at a slower rate and 
the whole industry is scatteied among a larger number of 
units for the total output The present steel-making 
capacity of Japan is smaller than the actual output of 
Luxembuig which was credited with 2,192,700 tons in 1926, 
and if all the plans proposed m the period of most rapid 
expansion during the war were realized and an output of 
3,000,000 tons per year built up, it would still be less than 
the present actual output of Belgium, 3i3 13,400 tons Such 
an output would be but a modest one for a country situated 
as is Japan and would constitute no serious thieat to busi- 
ness competitors Such mfoimation as is available gives no 
suggestion that Japan can manufacture for export 01 wall 
cease to be an importing nation it even the present degree 
of conversion to a metal-usmg basis of industry is main- 
tained If the country comes to rival Western nations m 
iron and steel consumption per capita, large quantities must 
be imported. 

The iron ores and iron industry of the Philippine Islands 
have been summarized by Smiths The ores themselves 

1 ’TrflnlM in Jawio/’ Ajiso, Mine Owner# 

2 **Gcolwc*l anq Mineral Roaourcca of rhitipplnc lalandi ’* Manila, 1^24- 
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Fig 17 Map 0} the Philippine Istande, shotwing location of pnn*-^ 
ctpal iron Ore deposits t after allace E Prait 
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were described in 1916 by Wallace E Piatt^ and ref- 
erence will be here made to the latter paper, which includes 
citations to all pie\ious descriptions After referring to 
earlier statements to tlie effect that the Cordillera of Luzon 
was extremely rich in iron, Pratt says 

*‘To-da\, ho\\c\cr, it is recognized that the iron ore de- 
posits in the Eastern Cordillera of Lu/on constitute, not a con- 
tinuous belt, but a senes of \\idtl\ separ Ued deposits, includ- 
ing a half-dozen orebodies A\itlun a distance of 10 miles in 
Bulacan Province, a single outcrop it Suita Inez, Ri/il 
Province, farther south, ind three deposits around the margin 
of the Mamhulao-Paracale gold mining district in Cainannes 
Province, 100 miles farther to the erst soutlic ist Other un- 
important occurrences of magnetite hematite art xs lu IcnoMii, 
but the foregoing, together unth the Htentic ores of Sunguj 
Province, l\Iindinao, contain the ceonnmicalh important iron- 
ore reserves of the Philippines 

Discussing the magnetite-hematite 01 cs, he describes the 
various induidual deposits, presents the evidence for 
ascribing their origin to metamorphism lesultmg from the 
intrusion ot igneous rocks — of the same type, by the way, 
as have caused the foimation of the various deposits of the 
Yangtze valley already described — gives analyses sho\ving 
a usual content of more than 60 percent iron, low silica, 
sulphur and phosphorus, and then has the following to sa> 
as to the present quantity of the 01 e present 

*'It will be obvious from what has been said that no accurate 
estimates of quantitv can be made for the magnetite-hematite 
ores Dalburg and Pratt,- basing their estimate solclv nn the 
outcrop dimensions and assuming that the orebody w'ould con- 
tinue in depth a distance equal at least to surface dimensions, 
obtained 1,100,000 tons for the Camaching deposit The other 
Bulacan deposits probably aggregate at least 100,000 tons 
While the assumption as to the persistence of the ore in depth 
is conservative in view of the character of tlie mineralization 
believed to have caused these deposits, vet the data available 
are insufficient to make the estimates reliable For the 

1 *’The Iron Ores of the Phibpplce Ifllancfti * Tnini A L M E , LlIT pp 09 105 

* Reference is to ‘The Iron Ores of Bulacan Province, P I /’ by E A Dalbura 
and Wallace K Pmtt Philippine Jour Sci , Vol III bw A j p aoi 
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deposits of ore in Rjzal and Camarines no estimate of quantity 
can be offered The Calambayanga deposit appears to be large, 
probably 100,000 tons are represented m the blocks of ore on 
the surface ” 

The lateritic iron ores of Surigao province in Mindanao, 
whose importance was first recognized by H F Cameron 
m IQ14, are described by Pratt in considerable detail They 
occur near the sea and are strikingly similar to the Mayan 
ores of Cuba ^ They form a surface blanket of residual 
clay varying in thickness up to 60 feet and resting upon 
the parent rock, heie as usual, serpentine The ore is a 
spongy or mealy clay but over its surface are numerous 
small red concietions, together with occasional porous frag- 
ments or crusts of the parent rock The composition ap- 
pears to he slightly inferior to ores of the same character 
in Cuba, but by nodulizing or sintering, it should be pos- 
sible to produce a furnace ore of a content of 52 5 percent 
metallic iron The ore occurs over an area of 40 square 
miles and of this 28 square miles was sampled, 98 drill 
holes being put down Pratt gives the details of this work 
and then says 

“From these figures and the weight of a unit of volume of 
the ore in place it can be calculated that the total economically 
important metric tonnage is 430,000,000, of which about 375- 
000,000 tons IS contained in that part of the ore mantle which 
IS 10 feet or more in thickness Reasonably accessible from 
the coast, but divided into a number of separate deposits by 
precipitous valleys, there is 275,000,000 tons of ore, with 
260,000,000 tons lying 10 feet or more deep Finally within 
the two areas of ore which could be mined from a base at 
Dalnkan Bay, the most feasible harbor site, there is 138,000,000 
tons, 130,000,000 tons of which is more than 10 feet thick It 
should be noted, however, that the bulk of even this most 
favorably situated ore lies on the tops of the hills and broad 
divides from 400 to i,ooo feet above sea level and that within 
each of the two areas near Dahikan Bay there are ravmes and 
denuded slopes which would of necessity be avoided in mining ” 


1 See J F Kemp, "Ttc Mayan Iron Ore Deposits, Cuba/* Trsu** A I M E , 
Vol LI, pp 3 30, 1915 Also C LfCith and W J Mea<L *'Ongin of the Iron 
OnfB of Central and Inortbcm Cuba/’ ’Trans A. I M E , XLlI, pp 90 lOj* ipao 
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From these figures it is evident that there is available in 
the Philippine Islands a quantity of non ore of commercial 
grade of world importance Unfortunately, the coal supply 
of the Islands is deficient, and if the general lule ot indus- 



try be followed here as elsewhere, it may be anticipated 
that the ore t\nll be shipped to coal rather than the reverse 
and, accordingly, that while the Philippine iron ores may 
contribute to the industrial w^ell-being of the Far East they 
are not likely to result in a major steel industry in the 
Islands As already noted, ore has already been shipped 
at times to Japan The general limitations on working 
lateritic iron ores will be discussed later 

In the Netherlands East Indies, iron ore is known to be 
present m large quantities Molengraaf^ in 1910, called 
attention to magnetic iron sands, to a lode ot magnetite m 

1 “Iron Ore Reeourcta of the World,'* Int Geol Couc* p 905 
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schist m Sumatra, and to the latentic iron ores on Surinam 
and other islands The probable reserves of ore in the 
magnetite lode was placed at 50,000,000 tons and the im- 
portance of the latentic deposits was not then recognized 
The deposits are described in various reports of the Nether- 
lands Indies goveinment in Dutch but a convenient brief 
summary is available in English, the deposits having been 
desciibed in one ot the lectures delivered by H A Brouwei, 
exchange professor at the University of Michigan in 1921- 
22 ^ 

Brouwer noted that the contact deposits^ found ui the 
western islands, show relations to grano-dionte iiitrusives, 
just as elsewhere in the Far East The quality of the ore 
IS, as usual, favorable but the tonnage moderate The big 
reseives are of latentic ore and of this he states that the 
total quantity present has been estimated at 1,000 million 
tons but that more deposits have been discovered since that 
estimate was made He gives details as to tonnage and 
giade of various individual deposits and states that the ores 
are similar in character, as analyses show them to be in qual- 
itVi to the latentic iron ores of Cuba The ore occurs abun- 
dantly in the lake region of Central Celebes, and on the 
island of Strait Laut and northeastern Borneo In the 
Celebes the largest known deposit is the Larona of which 
the average thickness is 37 and the maximum 70 5 feet 
In a total of 373,000,000 tons 12,000,000 occurs as hard 
surface ore In Strait Laut the deposits on the island of 
Sebuku are estimated to contain 300,000,000 tons On 
Survangi, 20,000,000 tons is found and in the neighbor- 
ing fields of Borneo, 120,000,000 tons While neither here 
nor m the Philippines has the prospecting been complete 
and the estimates may shrink slightly m further study, the 
occurrence is of a type that warrants expectation of the 
presence of large tonnages* 

The Government is now attempting production from 
these ores by the piocess of making sponge iron and con- 
verting It into steel in an electric furnace, under the advice 
of M H Caron, an experienced metallurgist The essen- 
tials to such work, iron ore, coal (though of low grade) and 

A **rho Geology of tKo Nctlierlanda pait Indlej/* Macmllleti Co., 1925, pp 100 104- 
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abundant water power are available and the experiment is 
being watched with much interest The difficulties have 
already been mentioned It remains to point out that 
lateiitic iron oies, ^vherever tound, are handicapped by the 
fact that they contain much moisture, the Laiona soft ore 
contains 40 percent, and this must be driven out befoie the 
ore is usable In Cuba this is done by a special preliminary 
process of noduhzing or sintering which adds to the cost 
but greatly reduces the weight to be shipped Latcntic 
01 es also contain notable amounts of minerals other than 
iron, especially nickel and chromium While for some pur- 
poses these metals add to the value of the steel made from 
the 01 e, for other purposes they decrease its value and in 
all cases their presence adds to the complications of the 
stcel-making process For these various reasons lateiitic 
ores, despite then mode of occurrence which fa\ors cheap 
mining, do not often compete effectively in the maiket 
with good hard ore The great deposits of these ores 
found in the Far East and elsewhere are of real importance 
to the world, but only under exceptional combinations of 
circumstances will steel be made from them as cheaply as 
from ores of other and more common types 



CHAPTER IV 


PETROIEUM IN THE FAR EAST 

By W B Heroy 

Because of the rapid growth of industrialization in 
Japan and the increasing fuel requirements of that country^ 
the search for oil in the empire has been as intensive as in 
any other part of the world, and a number of petroleum 
fields have been developed These are situated principally 
along the coast of the Sea of Japan, where there are now 
over 20 separate areas The total number of producing 
wells IS somewhat over 3,000 The daily average produc- 
tion in recent years has been about 6,000 barrels, so that 
the average daily production per well is under 2 barrels 
Total production for recent years is as follows 1923, 
1)791)300 barrels, 1924, 2,210,853 barrels, 1925 (esti- 
mated), 2,000,000 bairels The total production from the 
beginning of development is about 50,000,000 barrels 

Oil has thus far been found only m geologic formations 
of Tertiary age The areas of Tertiary sedimentary rocks 
are chiefly confined to a belt bordering the western margin 
of the archipelago, where the oil occurs in the mam in anti- 
clinal structures with a trend parallel to the general coast 
line Outside of this Tertiary belt, in the central and 
eastern parts of the islands, the geological conditions are 
distinctly less favorable for oil accumulation That large 
areas of volcanic rocks exist is common knowledge, and 
most of the aieas of sedimentary rocks older than the Ter- 
tiary have been closely folded and are more or less meta- 
morphosed The presence of oil deposits m rocks of this 
character is improbable and these regions cannot be re- 
garded as containing commercial oil reserves 

Outside of the Japanese archipelago proper a little oil 
has been found in Taiwan ^Formosa) The output has 
been very disappointing and the discovery of any large fields 
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in this island is improbable Japanese Sakhalin (Karafiito) 
contains some areas of Tertiary rocks, but these are closely 
folded The older rocks are for the most part metamor- 
phosed, so that the Japanese portion of the island gives lit- 
tle promise of oil production 

In Korea, Japan possesses a dependency which is com- 
posed almost entiiely of cfystallme and metamorphic rocks 
It has been thoroughly explored and there is no expectation 
of its becoming a source of petroleum 

The Tertiary areas of the Japanese archipelago must, 
therefoie, be regarded as Japan’s mam reliance for future 
home supplies of petroleum These resources consist of 
(a) unexhausted hon/ons of piesent producing fields, (b) 
undiscovered deeper horizons in structures now producing, 
(c) undiscovered fields 

Present production is obtained from four principal dis- 
tricts — the Echigo, Akiti, and Totomi districts in the island 
of Honshu, and the Plokushu district m the island of Yezo 
The production in the two latter areas is unimportant, total- 
ing less than too barrels per day Each of the othei two 
districts produces about half of the total output 

Reserves of petroleum in unexhausted horizons of pies- 
ent producing fields were estimated by Rcdfield to be about 
56,000,000 barrels at the end of 1924 The greatest 
depths to which wells have been dulled in Japan is only a 
little over 4,000 feet, so that there is still piobability that 
deeper producing horizons will be discoxered m picsent 
fields With the improvement of exploration methods other 
fields will doubtless also be discovered in the areas of Ter- 
tiary rocks, but the extensive exploration work and wildcat 
drilling which has been done in recent years without im- 
portant new discoveries suggests that in this lespect less 
may be expected m the future than has been accomplished 
in the past The introduction of geophysical methods of 
exploration may assist discovery to some extent, although 
in general structural conditions are not obscure While 
estimates of future recovery have little or no quantitative 
value, it would be surprising if the ultimate total produc- 
tion of petroleum from all sources were to exceed ten times 
the amount produced to date, say 500,000,000 barrels. 
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For a country of large population, which is rapidly be 
coming primarily industrial, the petroleum lesources indi- 
cated are extremely meager The total annual production 
of Japan is approximately the same as the average daily 
production of the United States The total per capita con- 
sumption of petroleum products is less than three gallons, 
and of this amount over fifty perirent is now imported The 
above figuies do not take into account oil purchased abroad 
foi bunkering the Japanese Navy, an amount probably 
much larger than the entire domestic consumption The 
need for additional petroleum products has been an incen- 
tive for the Japanese to explore for petroleum in territories 
outside the empire but within the sphere of Japanese eco- 
nomic influence The available sources of information re- 
garding Japanese oil fields are listed below ^ 

The area of China is so vast and the regions which have 
been geologically mapped are in comparison so inextensive 
that any endeavor to assess its potentialities as a producer 
of petroleum is necessarily hazardous Much of the earlier 
geological work was done by men who weie not specialists 
in petroleum geology and whose results must in consequence 
be interpreted in the light of present knowledge of the 
principles controlling the occurrence of peti oleum The 
most critical studies of its possibilities in this direction that 
have been made were those of Fuller and Clapp in North 
China and G D Louderback in Szethuan for the National 
Oil Bureau supported equally by the Chinese Government 
and the Standard Oil Co of New York While their re- 
ports have not been published in full their conclusions are 
well known 

In a country so little explored and where so few have had 
experience in modern oil production, inaccurate statements 
and exaggerated hopes not unnaturally abound Writing 
of this phase of the matter, Fuller and Clapp said “ 

1 Clanenta, J Morsraii^ ’‘Petroleum Rjcteonrces of Japan," Trana A, I M E*, 
Vol XLVIII, pp 1007 1 10^ iga3 

Comnbet AIlMsrt T , Jr , * Petroleum in Japan.*' Bureau of Foreign and DomeaHc 
Commerce Trade Information Bulletin No aSs June 30, ^04 

Imperial Geological Survey of Japan, ‘ Geology and Mineral Rcsourcca of the Japanese 
Empire," pp 08 103 Tokyo 1526 

Redfida A H , ’*The Petroleum Supply of Japan ** Engineering and Mining Journal 
Presa. Vol ao. Nos, on, Augxist September, 1935 

a M L Fuller and FredorloJt G Clapp Economic Geologyt Vol XXI, p, 743» ipaU. 



PETROLEUM IN THE FAR EAST 


II I 


^Tetroleum seepages Merc reported by Chinese offiLials and 
others from scores of localities m Slunsi, no less than forty 
being Slid to occur in the region of the cipital, T uyuaiifu, 
alone Notwithstanding, however, careful stiich by half a 
dozen geologists and the running down of c\cry report com- 
ing to their attention, not a single seepage wiis found within the 
limits of the province Now^hcre in the world are circuliting 
ruraois moie widespread or wilder in their flights of imagination 
tlian in China Referring to petroleum again, but in another 
part of the country a deluge of most persistent reports came 
from localities hundreds of miles apart, but m tlie end were 
found based on a single occurrence of oil shnlc in pockets only 
a few lods in probable extent 

In spite, however, of the difficulties and the relatively 
meager knowledge available, enough is known ot the gen- 
eral geology of large poitions of China to make it possible 
to indulge with some safety in generalizations with refei 
ence to their petroleum prospects Other areas, and these 
perhaps the most promising m China, have been examined 
by competent petroleum geologists, ami their conclusions 
have become available In the following review only that 
part of China east of the looth meridian is considered 
Western Mongolia and Tibet are too distant for any 
petroleum that they may contain to be an economic factor 
of importance m the Pacific area for generations to come 
China proper, Manchuria, and Eastern Mongolia are all 
within the scope of this discussion 

Considered broadly, China is a country of older locks 
If the purely superficial deposits, such as the loess, aic ex- 
cepted, most of the formations exposed at the surface and 
constituting the bediock geology are of Paleozoic and pre- 
Paleozoic age From the close of the Paleozoic to the 
present most of China has been continuously a land area 
Beds of Mesozoic age are confined to a few basins sur- 
rounded by the older rocks The coastal plain and the gieat 
valleys consist of sediments of Pleistocene and recent age 
laid down horizontally upon an irregular surface of older 
rocks 

The Archean or pre-Paleozoic rocks of China, like those 
of most other portions of the world, are highly crystalline* 
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In China, rocks of this age make up the cores of the moun- 
tain ranges, but there are in addition other regions wheie 
the Archean rocks are the dominant sui face formation 
Rocks of this character do not yield petroleum and search 
for It in them is useless 

The Paleozoic formations of China are more widely dis- 
tributed than those of any other era In the mam they con- 
sist of limestones, sandstones, and slates The entire 
Paleozoic section has a great thickness and each Paleozoic 
period IS lepresented In South China the section consists 
chiefly of limestones, which here attain great thicknesses 
In the north, m addition to the limestone senes, rocks of 
Carboniferous and Permian age, chiefly sandstones and coal 
measures, add to the thickness of the section 

As practically all the Paleozoic rocks of China are of 
sedimentary origin and as locks of this age are important 
sources of petroleum in other paits of the world, the pres- 
ence of such large areas of Paleozoic rocks suggests that 
China may also have petroleum deposits of magnitude 
There are, however, three sets of facts which have an ad- 
verse bearing on such a conclusion 

From a stiatigraphic standpoint most of the eailier 
Paleozoic locks of China consist of massive limestones of 
great thickness The general presence of important bodies 
of bituminous shales, which might form source beds for 
petroleum, is unknown Limestones and sandstones which 
might act as reseivoirs for petroleum must in general be 
associated with large thicknesses of shale in order that the 
conditions may be favorable for the accumulation of petro- 
leum While, therefore, the presence of these great lime- 
stone formations might at first be constiued as a factor 
favorable to the existence of petroleum, the absence of 
shales mterbedded with them greatly detracts from these 
possibilities 

The second consideration is the general structural rela- 
tions Throughout much of China, the dominant type of 
geologic structure is the fault block Faults of great magni- 
tude form lines of separation between great blocks of strata* 
The movement along the fault hnes causes discontinuity of 
the beds and breaks up the formations m sucli a manner 
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that the conditions created are unfavorable to the accumu- 
lation and retention ot petroleum 

Over laige aieas, also, in rocks which otheivisc might 
be considered as potential oil sources, the regional meta- 
morphism has progressed so far that 'vvhate\er oil may 
have been originally contained in the strata must ha\c been 
expelled The degree of this metamoiphism may be tested 
by determining the ratio ol fixed to volatile carbon m the 
coals Such analyses as have been made of Chinese coal 
suggest that m most parts of the counti’y the carbon ratios 
are too high for petroleum to be present In ateas where 
coal IS not present obseivers have noted that the limestones 
have been subjected to metamoiphism so that all gradations 
are found from moderately crystalline limestone to marble 
When limestones have been metamorphosed to this degree 
petroleum may not be expected to he piescnt in any quantity 
in them 

Having the above generalizations in mind, the possibili- 
ties in China may now he discussed from the stanefpomt ot 
the actual work that has been done to determine the pres- 
ence of oil During the last two years the results of im- 
portant explorations in China have been made public 
Members of the Chinese Geological Survey hav^c contributed 
several articles Messrs Luller and Clapp, who spent the 
period 1913-1915 in oil exploration in North China, have 
published reports of the work ot the six geological parties 
which they have directed Tlie Fuller-Clapp expedition 
worked in the provinces of Chihli, Shansi, Shensi, Kansu, 
and Northern Honan Altogether some 20,000 miles ot 
geological traverse were lun m this area, all by men of ex- 
tensive expel lence m petroleum geologv In the following 
paragiaphs the information contained in their report is 
summarized 

The only evidences of petroleum obtained in Chihh were 
small and scattered aieas of oil shale The rocks of the 
province are mostly crystalline, those of sedimentary origin 
occur m small and scattered areas, and there is no hope of 
commercial oil production In Shansi many reported oc- 
currences of petroleum were investigated without result 
The rocks of this province are greatly folded and the carbon 
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ratios are high It is highly improbable that a petroleum- 
bearing field will be discovered in Shansi 

The North Shensi basin, comprising a narrow strip along 
the western margin of Shansi, the northern part of Shensi, 
and northeastern Kansu and a pait of Southein Mongolia, 
IS the most favorable region m North China for petroleum 
development The basin contains an area of over 100,000 
square miles and includes rocks from Cambrian to Jurassic 
m age, overlying unconformably pre-Cambrian rocks Oil 
seepages occur and a definite possibility of developing com- 
mercial fields exists in this basin The province is not likely 
to be an enormous pioducer Stiuctural conditions are not 
in general favoiable to large output Drilling operations 
have been conducted by Chinese and Ameiican capital Ten 
wells have been drilled, of which two neai Yen Chang 
proved productive The Chinese Bureau of Mines reports 
an output of about 2,500 barrels in 1917, the laigest of any 
Chinese oil field 

The poition of the province of Kansu west of the Shensi 
basin has some oil possibilities, but conditions are apparently 
much less fa\orable than those m the basin The other 
northern province, Shantung, is a region of old rocks, 
mostly crystalline and metamorphic 

The eastern and southern provinces have not leceived 
the same attention from petroleum geologsts as have those 
of Noith China, chiefly for the reason that m a general 
way the conditions are less favorable for the presence of 
commercial deposits of the mineral No detailed reports 
are available and conclusions as to the petroleum resources 
of these areas must be drawn from general information 
concerning the geology 

The plains areas of eastern China are composed of very 
recent sediments, lying horizontally on a basement of older 
rocks These sediments arc chiefly alluvial silts which are 
unlikely to yield petroleum The provinces of Kiangsu, 
Anhwei, Honan and Hupeh he principally in the plains No 
indications of petroleum have been reliably repoited fiom 
the hill portions of Honan and Anhwei and m general the 
geology of these provinces is unfavorable to its occurrence 

Such geological work as has been done in the six south- 
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ern provinces makes it appear evident that little if any pe- 
troleum may be expected in this great area Blackwelder 
concisely summarizes the facts as follows 

*‘The soutiicast quarter of China consists entirely of pre- 
Cretaceous rocks, all strongl) folded and faulted, ind invaded 
by Igneous intrusions The probabilities of hnding oil in this 
region would seem to be no better tiun in the birren Ap 
palachian mountains ’’ ^ 

Next to Shensi the most important petroleum deposits 
thus far discovered in China hav^e been found in the western 
province of Szechuvin Tins region has been geologically 
examined tor the Chinese Government by a petroleum 
geologist The oil-beanng rocks are ot Mesozoic age, oc- 
curring in a basin surrounded by Paleozoic rocks Anti- 
clinal structures occur in the Kiating and Tzuhuching dis- 
tricts The Mesozoic rocks of the region contain sdt beds, 
and in the process of mining the salt oil has been encoun- 
tered in a number of wells Some of these wells lout been 
carried by primitive methods of drilling to depths of over 
4,000 feet About a dozen wells have produced sufficient 
oil to justify its recovery, the oil floating on top of the brine 
in the wells The total production is small, probably less 
than a barrel a day The region may produce oil in con- 
siderably larger quantities, if modern methods of petroleum 
development should be employed 

Yunnan, the southwestern province, has been thoroughly 
explored by British and French geologists In the western 
part of the province extensive areas of crystalline rocks 
occur The central and eastern parts of the province are 
regions of sedimentary rocks, structurally disturbed by pro- 
found folding and faulting Coals, which occur m the 
Carboniferous and Tnassic, are characterized by high car- 
bon latios, and this fact would probably preclude the exist- 
ence of petroleum The papers on the mineral resources of 
the western part of the province, by J Coggin Brown, do 
not mention petroleum, and in various traverses of the 
province by Ameiican geologists no true seeps of oil were 
observed* 

ITraui, A t M, E * Vol XLVIII, P noC, 1903 
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In summary, therefoie, it may be said that only two areas 
in China pioper seem to have possibilities of commercial 
petroleum production, and in neither of these can we feel 
at all ceitain of the development of a field of the first mag- 
nitude Nowhere in China do conditions exist which are 
comparable from a geological standpoint with those exist- 
ing m the mid-Contment or Pacific oil fields of the United 
States Making every allowance for deficiencies in present 
knowledge of the economic geology of China, its oil re- 
serves are still probably less than one percent of those of 
the United States 

The vast plateaus of Mongolia have been almost un- 
known geologically, until the results of the recent expedi- 
tions of the American Museum of Natural History were 
made available The work of the geologic staff headed by 
C P Berkey shows that eastern Mongolia is a plateau re- 
gion bordered on the east and southeast by a great escarp- 
ment The basement rocks of the plateau are much folded 
and faulted and regional metamorphism is far advanced 
The region underwent extreme peneplanation after this 
period of folding, and ovei immense areas these older rocks 
have been smoothed down to an essentially level surface 
On this surface there have been deposited in parts of the 
region areas of younger rocks These rocks are not, how- 
ever, of marine origin but are terrestrial deposits formed 
chiefly under and conditions Neither series of beds, the 
older basement rocks or the younger sediments, seems to 
hold forth any possibility of being a source of petroleum 

Eastern Manchuria is similar geologically to the neigh- 
boring regions of Shantung and Korea, m that it is com- 
posed of older rocks with complicated structure Basins of 
younger rocks occur, among them coal measures, but again 
the carbon ratios seem higher than could be associated with 
the presence of petroleum On the other hand extensive 
areas of oil shale are reported, which would suggest that m 
some parts of the province regional metamorphism is low 
and that this factor is favorable to oil accumulation Oil 
seepages are not, however, reported from the region and 
the present weight of evidence Is against the existence of 
important oil fields 
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The geology of French Indo-China has been mtensi\ely 
studied by the Geological Seivice ot Indo-Chinad Tvhich 
has published extensne monogiaphs on this subject Fiom 
these publications it appears that Fonkin is for the most 
part an area of granitic and other crystalline and nieta- 
morphic locks which aie closely folded and greatly faulted 
A few Tertiaiy basins have been discovered, but these ha\e 
been very deeply dissected by erosion Tonkin holds very 
little promise as a souice of petroleum 

Knowledge ol the petroleum resources of the Philippine 
Islands is contained mainly in the reports of the Philip- 
pine Bureau of Science, chiefly by Mcssis W D Smith and 
W E Pratt Petroleum seeps in the Philippine Islands 
have been known since 1S90 and as early as 1898 efforts 
weie made to obtain petroleum by dulling After the 
American occupation, the Geological Survey of the Islands 
was instituted and e\idence of widely distributed petroleum 
deposits was gradually collected On all of the ten laiger 
islands of the Philippine group, except on Palawan, there 
are definite indications of the piesencc of oil Luzon, 
Leyte, Cebu, Mindanao, and Panay liave definite oil seep- 
ages and gas seepages, and oil shales occur in the other 
larger islands as well as in many of the smaller islands Al- 
though there are large areas of volcanic rocks m the Islands, 
Tertiary strata, shale, sandstones and limestones also are 
widely distubuted These latter rocks are of the same ge- 
ologic age and character as the petroleum-bearing locks in 
the Dutch East Indies to the south and m Formosa and 
Japan to the north The principal source of oil in the 
Philippines IS a group of shales, wnth included limestone and 
sandstone beds, wKich have been called the shales 

It IS from these shales that the seepages exude Pratt has 
estimated that these oiFbcarmg rocks arc present oxer a 
probable total area of from 10,000 to 15^000 square miles 
The shales are 3,000 feet or more m thickness and of 
suitable character to supply commercial quantities of pe- 
troleum 

1 Bourret^ Reni, **Etudea G6ulo),,iqiioft but le Nnrd Est du Turikiu ” Bullttm dit 
Service Giologlqut, Vol XI P'lrt i The above pubhc-ation cantnms the bibUograpby 
o£ puhllcatitma rdatlnf to the geulogy of Toniin 



ii8 ORES AND INDUSTRY IN THE FAR EAST 

Actual areas where petroleum is known to exist are, of 
couise, much more limited On the Bondoc Peninsula in 
Luzon showings of oil, including a number of seepages, 
occur over about 300 square miles In other parts of the 
Islands an additional 200 square miles of oil-beaiing rocks 
are believed to be present, making a total area of some 
500 square miles Geologic rriapping indicates that the 
oil-producing areas have been folded into anticlines and 
thus are stnicturally favorable for oil accumulation The 
quality of the oil, as detei mined by samples, appears to be 
high 

On the basis of the geologic investigations above de- 
scribed and after the passage m August, 1920, of a petro- 
leum leasing law, the Richmond Petroleum Company, an 
American corporation, commenced drilling operations in the 
Bondoc Peninsula The company continued its operations 
for a period of about four years and in July, 1924, an- 
nounced that it had abandoned its operations after an ex- 
penditure of approximately one and a quarter million dol- 
lars During that period three wells were drilled 

^'The first hole went to 1200 feet and was abandoned on 
account of mechanical trouble no oil The second was drilled 
to 3750 feet no oil The third, the final great efEort, went 
down to a depth of 5120 feet, almost a mile no oil-— and 
the end “The failure to find oil at Bondoc does 

not prove that there is no oil in the Islands it means that there 
IS none m the area prospected^ There is oil to the north in 
Japan and to the south m Borneo, and it may yet be found in 
the Philippme group where there has been only one real drill- 
ing campaign — the one just finished”^ 

Although these drilling operations tested what was re- 
garded as the most favorable area in the Philippine Islands 
and, m the opmion of the company, proved that oil was 
not present in that region, there still remains the possibility 
of commercial production The results of this test ate dis- 
couraging but cannot be regarded as conclusive 

Pratt estimated the possible ultimate production of the 
Philippine Islands at 52,500,000 barrels The work done 

1 Standard Oil Bulletin (California), July> T9a4« 
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by the Richmond Petroleum Company would sugf^cbt that 
this figure should be revised downward, but there still re- 
mains the possibility of important peti oleum deposits in the 
Islands The petroleum consumption ot the Philippines is 
approximately 1,968,000 barrels pci yeai The principal 
sources of intormation aie listed beloA\ ^ 

The geology of Siam has been thoroughly studied by a 
petroleum geologist employed for two years by the Siamese 
Government In Siamese Malaya and m most ot the diain- 
age basin of the Menam River, the Paleozoic rocks are 
metamorphic In Northeastern Siam there are thick beds 
of Tnassic sandstones gently folded, as well as hmitctl 
basin deposits of more recent beds The onl\ definite indi- 
cations of petroleum discovered in Siam arc some tar seeps 
in the extreme north There are no knovn source beds in 
any of the incks exposed at this locality and the soiiice of 
the oil IS problematical Structuial conditions are favor- 
able in some parts of the Tnassic area, hut no source beds 
are known and there are no indications of oil m the Tnassic 

The Netherlands Fust Indies now rank fourth among 
petroleum producing countries, wath an annual output of 
22,500,000 barrels in 192^;, representing an increase of lO 
percent over that ot the previous year They contributed 
that year 2 i percent of the world’s output In the opinion 
of petroleum geologists and engineers, the fields are capa- 
ble of considerable expansion and extensiv^e aieas remain 
to be explored Dev^elopment is largely in the hands ot 
one company and less has been published regarding the 
fields than is usual H Albert Brouw^er, in his Icctuies at 
the University of Michigan in 1921-22' gave a biief sum- 
mary of the geologv^ of the fields 

The principal fields arc m Sumatra, Jav^a and Borneo, 
and the oil comes from beds in later Tertiary age occurring 

1 Pratt, Wallaco E Possible Petroleum liestrves cf Philiiiplnc Islands” Tran*. 
A I M b , Vol EWnil, pp lom iuyt> 1923 

PtbU W E and bmith W fJ OcoIoky and PetroleuTn U<.wuTces of iht Sovrtbern 
Part of Bonclnc Peninsula Tayabaa PruMiicc P I ’ puPetm, Journal of Science 
aection AS (ipiaX P 301 ”rhibppmt Od MattsT^ ReMcvi-ed ” OU and Uati Journal 
Mny 6, lasi 

Pratt, W^allace E, "Occurrence of Petroleum in the Philippines” Economic Cje<dogS» 
Apdl 

2 "The Gecaogy of the Netberlandi Indies,” ipas, p iiB, 
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in a deep geosyncline or major downward fold of the rocks 
There is a close relation of the oil to structural features 
The fields aie in a structural continuation of those on the 
Irrawaddy river in Burma Oil springs, natural gas and 
mud volcanoes are also known at \arious points in the 
eastern part of the Archipelago, but petroleum is exploited 
only in Ceram In much of the legion there has not been 
sufficient exploration to furnish lehable data as to the pos- 
sibilities for the future Both heavy and light oils are 
found, and an extensive refining and distributing business 
has already been built up 

Too little IS known regarding the detailed geology of 
Eastern Siberia to warrant any estimates of the oil resources 
of the mainland There is a certain amount of evidence of 
petroleum in the Paleozoic rocks and, as these covei wide 
areas, the possibilities may be considerable In the more 
restricted area of Mesozoic rocks oil springs and seepages 
are known — as, for example, in the Irkutsk-Lake Baikal 
region and on the Upper Amui, and one may reasonably 
expect to see oil fields developed in this interior region 
when the economic conditions warrant 

Oil springs are known on the western side of the Kam- 
chatka Peninsula in Tertiary rocks which extend over a 
considerable area noith and south, and there are possibili- 
ties of fields there 

However, the most important petroleum area and the 
one offering the greatest potential possibilities lies in the 
Island ot Sakhalin For many years the existence of large 
lakes of oil and oil residue, gas springs and oil springs, has 
been known along the eastern coast of the island Follow- 
ing the Russo-Japanese war, the portion of the island south 
of latitude 50 degrees north was transferred to Japan by 
the Treaty of Portsmouth This portion, however, proved 
to be composed almost wholly of Paleozoic and meta- 
morphic locks, and to have practically no oil possibilities 
The northern or Russian half, covering an area of ap- 
proximately 1 6,000 square miles is composed almost wholly 
of Cretaceous and Tertiary strata These have aggre- 
gate thickness in excess of 6,000 feet, and duplicate m many 
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respects the conditions found on the western side of the 
San Joaquin Valley in Calitoinia 

The first attempt to develop the northern Sakhalin aiea 
was made in 1892, and between that time and the outbieak 
of the Gieat War nine shallow wells were drilled, langing 
m depth from 300 to 900 feet, and a small amount ot oil 
was secured 

The area was occupied by the Japanese in T920, and 
since that time development opeiations hav^e been earned 
on, tor the most part with great sccicc>, by 01 on behalf of 
the Japanese Government The best intoimUion available 
indicates that up to the middle ot 192 the Japanese had 
sunk thirty-one test w^clls, of which thirteen were less than 
500 feet in depth, and only si\ were ovei 1,000 Five of 
the wells arc leported as dry, seventeen as showing oil, 
and nine as producing oil m comincicial quantities The 
Government geologist ot the Impel lal Japanese Geological 
Survey repoits that ^‘somc of the wells have cruptei] 300 
barrels per day The production secured has been used 
to supply fuel oil for Japanese destroyers 

The prospective oil region extends not only for three 
hundred miles along the eastern coast of the island, but also 
down the western coast to a short distance north of Alexan- 
dre vsk 

David White, in a paper before tlie First PanTacific 
Commercial Conference held in Honolulu in 1923, stated 
that estimate of 1,300 to 3,300 million barrels ot oil 
for Eastern Siberia, including Northern Sakhalin, may not 
eventually be found excessive 



CHAPTER V 


SULPHUR AND IHE SULPHIDES 

The fundamental importance of sulphur has already 
been stated Without sulphuric acid our whole chemical 
industry would be impossible, and to make that acid either 
native sulphur, or the element combined with one of the 
metals, is requited In an experimental wav and to a lim- 
ited extent the acid has been made by breaking down gyp- 
sum, and It is possible that at some future time that material 
may become an important source of supply, but so far as 
present knowledge goes, it is impossible to make acid by 
this process m quantity and at competitive costs 

The world^s market for sulphur is now mainly supplied 
from the wells in Texas, supplemented by sulphur mined 
from sedimentary beds m Sicily and that derived from 
treating sulphide ores of the v^aiious metals, particularly 
the iron-copper pyrite from southern Spam Locally, sul- 
phur IS won from solfataras in volcanic regions, but such 
sources are not generally able to compete on a price basis 
with the otheis already mentioned In the Far East, the 
mam known sources ot sulphur aie in the volcanic regions of 
Japan, the Netherlands East Indies, and to a minor extent 
in the Philippine Islands Large bodies of pyrite, such as 
are mined m the Mediterranean region, have not been found 
noi are theie any known major deposits of sulphides of the 
other minerals such as occur in the United States, Canada, 
Australia and elsewhere, fiom which a by-product supply 
may be expected In none of the Far Eastern countries ex- 
cept Japan do domestic supplies of sulphur seem to be large 
enough to support a major transformation of industry, and 
in Japan the necessary supply would only be available at a 
material handicap in cost 

In Japan, sulphur is widely distributed, being found in 
and around the numerous volcanic peaks from Hokkaido to 
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Taman, occurring not only as solfatara deposits but as re- 
placements in tuffs and as sediments in lake beds It is mined 
for local use and — though formerly exported — can hardly 
compete in the world’s markets with the more cheaply pio- 
duced sulphur of the Gulf coast in the United States In 
IQ24, production from 13 localities amounted to 45,000 
tons, the outputs langing from 300 to iq,noo tons Not 
much is known of the possible lescrves of sulphui, though 
in the ‘Trincipal Mines of Japan,” published b\ the Mining 
Bureau of the Department of Agiiculture, the leading 
mines are described The largest producer is the Kiimado- 
man, where it is locally estimated that 600,000 tons of rock 
containing 40 percent of sulphur is available At the Numa- 
jin mine similarly, 1,200,000 tons is estimated of the same 
grade, but it is proper to say that these estimates arc gen- 
eral only and so are received with considerable reserve by 
American mining engineers familiar with sulphur produc- 
tion who have visited the properties 

In connection ^Mth the mining of copper, an impoitant 
industry in Japan, it is possible to reco\er sulphuric acid as 
a by-product and something m that direction has already 
been done, but such acid will necessarily be used at or near 
the source of supply, because of its weight and the difficul- 
ties involved in shipment Except as it may displace and 
thus release for international trade native sulphur, it is only 
important as contributing to the economic and strategic 
security of Japan itself It is clear that the country can 
supply Its own needs, even with considerable expansion m 
industry, but until American deposits show signs of exhaus- 
tion or other major economic conditions change, Japan can 
not make any large contribution to the world’s supply 

In the Netherlands East Indies, Brouwer^ notes that 
sulphur IS found as incrustations m the neighborhood of sol- 
fataric centers, in sulphur mud, and in bedded deposits 
in crater lakes There has been sonic exploitation by na- 
tives At Papandajan, 3^500 kilograms yearly has been 
won, and at Welirang crater nm deposits contain 51-55 
percent sulphur. The Kawah Idjen lake deposits of mixed 

xOp, dt, 
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sulphur and silt are considered to be the most important, 
and are estimated to contain 60,000 metric tons containing 
50 percent sulphur From 1911 to 1913, 2,000 tons of sul- 
phur was mined from the Wurlali volcano on Dammer 
Island and used for making acid Veins of the sulphides of 
iron, coppei, lead and zinc are known but are nowhere being 
exploited for sulphur Despite the piesence of native sul- 
phur m the Islands, Java is a consistent importer of the ma- 
terial so that costs of production would seem unfavorable 

In the Philippine Islands, sulphui is found around old 
solfataras and has been mined at Silay, Oriental Negros 
W D Smith ^ has summarized the knowledge of these 
deposits and lists five districts in which there is an estimated 
tonnage of 8,000, of which more than half is on Camiguin 
Island No deposits ot sulphides likely to yield sulphur as 
a by-product in unusual amounts, are known 

In China, native sulphur has not been found except in 
insignificant amounts According to V K Ting,® ‘‘Sulphur 
IS made in Shansi, Honan, Hunan, and Szechuan partly from 
pyntiferous shale and partly from sulphide ores of lead 
and zinc” C Y Wang® states that the sulphur produc- 
tion of China in 1915 amounted to 2,310 tons, equal to one 
quarter of one percent of the world’s output Except for 
a small amount derived from the Shut Kou Shan lead and 
zinc mine, it is derived from native sulphur or from pynte, 
the iron sulphide He mentions the She Shan mine m 
Shansi, where a bed “6 inches to 5 feet” m thickness lying 
between the Ordovician limestone and Carboniferous shale, 
yields 300 tons per year About 180 tons was mined in 
1914 at Kuang Kou in the form of pynte nodules m a gray- 
ish clay resting on Carboniferous sandstone An estimate 
of 120,000 tons m reserve is given, but on what basis it 
rests was not stated The principal production of native 
sulphur IS in the Taiyuan district of Shansi, and it is from 
here that sulphur comes for use at the arsenal at Tehchow 
m Shantung and for use m making fireworks at various 
centers The neighborhood of Taiyuan is a hilly country 

1 ^‘G^ology and Miojerol Rcwnrcea of VhlHppme lalanda/’ pp 3p5 399 

3 Mimnff Magnnnc, Vol XVII pp 188*190, 1917 

s “The Mineral Resource* of China,” p 7 
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in which bedded sulphur is found, intcrbedded with sand- 
stones, in pait calcareous While the legion is coal-bearing, 
the sulphur is not found with the coal The individual 
sulphur beds are one or two feet thick and are worked by 
small shallow shafts The sulphur is refined in pots buried 
in small coal Four companies control the production, 
working imdei a Government monopoly bureau which has 
branches in various paits of the country In 1921, the 
total output IS said to have been about 650 tons In other 
parts of the pro\ince there is also a small scattered pro- 
duction amounting to twai 01 three tons These deposits 
hardly afford much hope tor creating a laige industry^ 
H Y Liang" lists 2,304 tons ol sulphur as ha^ ing been 
produced at the Shui Kou Shan mine in Hunan m the years 
1896-1914, inclusi\e In these various figures it is prob- 
able that the weight of sulphur ore, pyntc, rather than of 
the sulphur itself, has been used It is clear that the amount 
so far mined is small and that any large supply for the fu- 
ture must be obtained through making sulphuric acid as a 
by-product in smelting lead, zinc, or copper ores While 
many small deposits of sulphides arc known, none has yet 
been found which was of such size as to warrant invest- 
ment in the complete smelting works that would be necessary 
for this purpose At the Shui Kou Shan mine, the largest 
known body of mixed sulphide ores, a modern lead smelter 
was for a time operated, but lead ores do not contain suffi- 
cient sulphur to m ike recovery feasible The mine has been 
examined several times with a view to determining the 
possibility of supplying oie for a local zinc smeltei to be 
built along modern lines, but each time with negative re- 
There is near it a contact orebody ot iron pynte 
containing a small amount of coppei, which, on opening up, 
may piove impoitant At the Chow^ Yen gold mine m Shan- 
tung there is also the possibility ot recovery of a small 
amount of iron sulphide as a by-product Aside from these 
deposits it seems likely that sulphuric acid works in China 
will continue to be dependent upon shipments ol pynte 
mined from small scattered deposits 

1 Far Eaateam Hevirvr Juh iga6 

2 “The Sbm Kgu Slum Mine m Hunan, lluiia.*' Mimng and Scientific Press 
June 1915 
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While China can supply her present needs locally, there 
are no known deposits that would certainly enable the coun- 
try to be independent in event of such industrial develop- 
ment as would demand large amounts of sulphuric acid 



CHAPTER VI 


NON-FFRROUS METALS 

In technical and non-technical literature co\ciing the Fai 
East there arc many references to mines of the non-ferrous 
metals, especially of gold and silver From the earliest 
contact of Westerners ^vith the Orient, there has been a 
general belief in the richness ot the East m these metals 
The data co\ering their occurrence and distribution m the 
various countries have never been adequately assembled and 
reviewed, though in standard texts such as those of Mac- 
laren ^ and Curie," brief summaries of the obtainable 
knowledge regarding particular metals ha\c been made 
available In other special books, such as “Mineral Enter- 
prise in China, “ by W F Collins,^ special phases of min- 
ing arc discussed and mcidentally brief descriptions of 
individual districts are given Collins was concerned par- 
ticularly with the difficulties met by various foieign com- 
panies that had attempted to conduct operations in China, 
but he also discussed the history of mining, the nature of 
the mining rights, legislation, taxation, and similar matters 
Many other books cohering especial phases might be men- 
tioned, but foi none of the non-ferrous metals is there any 
general summary corresponding in character to the report 
on the iron ores of China already cited The amount of 
data available varies from countr)^ to country and, while 
no attempt will be made here to cite all the literature or to 
include a complete bibliography, the leading sources will 
be mentioned for each m turn 

For reasons similar to those already mentioned m dis- 
cussing the coal and iron deposits, it will be convenient to 
begin this chapter with what is known and to be inferred 

X "*G<dd Its Geological Occurrence and Geographical Distribution,’' by J Malcolm 
MaclAren iqoS 

2 *"riic Gold Mines of the World, by J 11 Curie London, 190a 

« Tlenttln Preflfc^ Ltd Rev E<i 410 pagev 
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With regard to these non-feirous minerals in China There 
ate four geneial summaries, none of them complete but all 
useful, to which refeicnce may be made and which have been 
freely used m compiling this chaptei These are papers by 
Bailey Wilhs/ T T Readr V K Ting, « and C Y Wang ^ 
W H Wong, now Director of the Geological Survey of 
China, in a paper concerned mainly with the genesis of the 
01 es,*^ has given notes on the occuirence of nearly all the 
better known occurrences of the non-ferrous minerals and 
m “The China Year Book for 1025’^ has contiibuted a brief 
but helpful summaiY of the present condition of the mineral 
industiy After speaking of coal and iron, he says ° 

“As to the other metals it is to be noticed that China is re- 
markably poor in such common metals as copper, lead, zinc, 
and especially silver, Chinese production of these metals is 
almost insignificant in comparison with her immense territory 
and population On the other hand, China lias become during 
a comparatively sliort period, the leading producer of the world 
for antimony and tungsten These two metals or their ores are 
produced in China m such quantity and such low price as no 
other country in the world can produce The tin industry of 
Yunnan is still maintained The recent development of 

manganese and bismutli ores seems to be promising ” 

Numerous additional papers, many of which will be cited 
in this text, deal with particular deposits or districts but the 
summaries here mentioned aie those that are most complete 
and widely accessible 


In considering the general distribution of the mineral de- 
posits Willis ^ pointed out that there are in China two sep- 
arate areas and sets of conditions to be taken into account 
(i) North China, where rocks younger than the very old 


1 "Mineral RcBourcca of 
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schists have not been greatly metamorphosed, and (2) 
South China, where young as well as old beds have been 
invaded by igneous rocks and widely altered In North 
China, gold occurs in lodes and placeis, and coal is wide- 
spread In South China, gold, tin, copper, and other metals 
are widely distributed, but while coal fields are numerous 
they are individually sniall and relatively unimportant 
Willis compaies North Cliina with the eastei n United 
States, the Shansi coal fields corresponding to those of 
Pennsylvania, and the gold fields of Cluhli and Shantung 
to those of the southern Appalachians Soutli China he 
considered more like the western United States, the Tsin- 
ling mountains of Shensi and peihaps the mountains ot 
Yunnan and the southwest con esponding to the Siena 
Nevada and Coast Ranges In this latter comparison he 
was slightly in error as regards the mountains of the Yun- 
nan plateau which, while similar in particulars to the Sierra 
Nevada, are unlike our Coast Ranges 

North China, as he pointed out, is largely a great allu- 
vial plain fringed with bare mountains using to 5,000 and 
10,000 feet The rocks include pre-Cambnan gneiss, schist, 
and granite, pre-Cambnan and Cambo Ordovician lime- 
stone and shale, Carboniferous coal-beanng shale and sand- 
stone, Peimo-Carboniferous barren red sandstone, Jurassic 
coal measures, Mesozoic volcanics, and Pleistocene loess 
and gravel The gold-bearing rocks belong to the so-called 
Archean and consist ot schist, gneiss, and granite, all being 
ancient metamnrphic rocks sucli as are found in eastern 
Ontario and western Quebec, in Canada The gold occurs 
m fissures and gash veins ot quart/ wuth sulphides of iron, 
lead, copper, and /me The deposits were described in part 
by earlier writers ^ and the region was surveyed in 1898 by 
H C Hoover - and a staff ot assistants They have 
given rise to modern placers which Hoover and Willis re- 
garded as being probably ot considerable v’^alue Siliceous 
limestones of late pre-Cambnan age occur m Shansi and 
Chihli, w’here they are sometimes interbedded with slate and 
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quartzite The rocks attain a thickness of 5,000 feet, make 
up the mam mass of the mountain ranges, and are prob- 
ably the ones in which occur the silver-lead deposits at 
Jehol, of which a number of descriptions are available ^ 
The Cambro-Ordovician is represented by the Smian, a non- 
mineral-beanng limestone formation about 4,000 feet thick 
At the top is an erosion unconformity and in pot holes in 
the limestones occur clays which have been used largely for 
making pottery The coal measures of the Carboniferous 
rest on the Sinian, with widespread but now economically 
unimportant iron ores near the base The formation is 
500 to 700 feet thick and contains much excellent coal, 
both bituminous and anthracite Above it are the banen 
red Permo-Carbonifeious sandstones, followed in turn by 
the Jurassic coal measures These are important in western 
Chihli, northern Shansi, and southern Mongolia Igneous 
rocks of various types occur in Kiangsu, Shantung, Chihli, 
and southern Manchuria in areas of Carboniferous to Ter- 
tiary sediments Thev are partly intrusive and partly ex- 
trusive and include granite, porphyry, andesite, rhyolite, 
basalt, and tuffs Willis suggests that the Post-Carbonifer- 
ous granites of northwestern Chihli may be related to pre- 
cious metal deposits, but it is generally agreed that the 
volcanics are of no economic significance, though often 
showing small amounts of copper at the surface 

Between the North China area ]U3t described and South 
China he the Tsmling mountains, studied by Willis, which 
extend westward from Honan The rocks here have been 
intruded by both the earlier and later mtrusives and the 
region is supposed to be metalliferous, though the actual 
evidence is weak He noted the presence of badly-squeezed 
pyntiferous graphitic beds Examination by American en- 
gineers of numerous copper and gold prospects m this 
region have resulted uniformly m disappointment 

The middle Yangtze valley, from Chungking to Kiu- 
kiang, is an area of mainly unmetamorphosed Paleozoic 
and younger rocks resting on old schists The surface rocks 

1 See paper* already cited and *‘Gold and SUvor Mining in North China ” A. S 
Wheler ana S Y. t-ij Mining find Scientific Press, pp 189 195 San Tranasu>, FcIk 
10* 1917 The dlatnct wm ejwnined for the N Y Orient Mlnw Ca in 1917 by 
N ■Wimwler, 
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are largely limestone and sandstone, with scattered areas 
of coal measures The beds have been mtiuded by rocks 
of the dioiite type and around the latter are contact de- 
posits of which the only ones known to be impoitant aie 
the lion ores already described In some places, as at 
Tayeh, copper and other metals occur with the iron in the 
form of sulphides, and the Tung Kuan Shan mine was 
originally worked for copper, but has long been unimportant 
as a souice of that metal The pie-Cambrian granites, 
gneisses, and schists come to the surface in the low hill 
country north of Hankow, near Ichang, and probably else- 
where Aplite dikes have been described northeast of 
Hankow 

West of the middle Yangt7e region and south of the 
Tsmlmg mountains is the red basin of Szechuan This is 
about 100 miles m diameter and lies at an altitude of 1,500 
to 3,000 feet To the north and east are mountains of 
old Paleozoic rocks, rising 8,000 to 12,000 feet high, while 
to the west is the edge of the great Tibetan plateau, rising 
to 20,000 and 25,000 feet On the south are the plateaus 
of Yunnan and the plexus of mountains which occupy 
Kweichow The Szechuan basin proper is underlain by 
Permian, Tnassic, and Jwr^vssic beds, mainly sandstone and 
coal measures These have been little disturbed and only 
locally intruded The resources of this area include coal, 
salt, and perhaps petroleum To the west and southwest, 
extending into Yunnan, are great areas of mtrusives and 
young Igneous rocks The region is reputed to be heavily 
mineralized but there is little exact evidence on that point ^ 

South China proper includes a great belt of hilly country 
extending parallel to the coast from Shanghai southwest 
to the boundaries of China, forming a bowed-up and dis- 
sected peneplain similar in many particulars to the southern 
Appalachian region of the United States It is a region 
of marked relief, but not of great altitudes In the east the 
valleys are wide In the southwest, especially In Western 
Yunnan, the rivers flow m deep precipitous canyons 
Throughout the region there are areas of intrusive rocks 


1 For a general doicrlptiou ace **Aii Fnglneer’* Travels in Western China,’' J A T 
Rub^ftOUj Mining Mogunne Vol XV» pp 267370 London, igin 
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including granite^ quartz-porphyry^ and rhyolites Richt- 
hofen considered the region to represent the geological ex- 
tension of Japan, and others have seen in the granite a 
northern continuation of the rocks that dominate the Malay 
Peninsula Gold, tin, copper, lead, zinc, antimony, and mer- 
cury all occur, the antimony, tin, and mercuiy being more 
important m the southwest The gold deposits worked in 
Chekiang, Fukien, and elsewhere to the east are not im- 
piessive and the placers are of doubtful importance In 
Yunnan, where north-south trending folds of probably Mio- 
cene age have been superimposed upon the older structure, 
there are quartz veins and replacement deposits that were 
formerly worked and which atti acted attention though those 
which have as yet been reopened have proved unimportant 
Farther southwest in Burma is the great Bawdwin silver- 
lead-7inc deposit long worked by the Chinese, and now 
operated by a British company 

W H Wong^ considers that there are in China three 
distinct metallogenetic piovinces In Shantung, Chihli, and 
to the north, is an area of the older, pre-Cambnan rocks, 
characterized by quartz veins m schists and gneisses which 
contain copper, lead, and zmc in subordinate amounts with 
gold and silver The veins are generally small and aie 
rarely continuous to any considerable extent either along 
the strike or in depth In the Yangtze valley and central 
China, extending up mto Shantung, is a great aiea m which 
are found numerous intrusions of diontic rocks Around 
the edges of those intrusions are found iron ores, already 
discussed, and with these are subordinate amounts of cop- 
per, lead, and zinc In south China, from Hunan m the 
north to Yunnan in the south, and from Fukien west to 
Tibet, is a third legion which he finds characterized by 
the intrusion of rocks of the granitic type and in which 
veins are found of all the non-ferrous minerals from tm to 
mercury 

Gold — The gold deposits were divided by Ting ^ mto 
4 classes (i) recent alluvium, (2) ancient alluvium, (3) 
Tertiary sandstone, (4) quartz veins in Pre-Cambnan 


1 Bull Geol Surv Cliina# No, 3 lojo 

2 Op dt , Miuing Magazine, Vol XVII, Far Eastern Review* 1917 
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gneiss and metamorphic rocks The first is in his judg- 
ment bv tar the most important, as all the pioductive mines 
of Manchuria and outer hlongoha belong to this class The 
four great rivers in Manchuria — the Amur, the Yalu, the 
Tumen and the Liao-ho, drain large areas covered by gneiss 
and granite whence the gold has been washed down together 
with other products of erosion into the tributary valleys 
The gold mines in Heilungkiang province are situated on 
the light bank of the 7 \mur river, those ot Kinn along the 
tributaries ot the Yalu and the Tumen, and the mines of 
Mukden in the basin of Liao-ho In outer Mongolia, they 
are in the vmlleys of the Iro, the Shara, and the Kurdun, 
all of which are tributaries of the Selenga that flows into 
Lake Baikal 

The gold placers, especially of Mongolia and Manchuria, 
have atti acted serious attention and are knowm to have 
yielded several million dollars The histoiy of mining in 
these two provinces has been summan/eJ by W F Collins ^ 
who has also given the essential facts as to the occurrence 
and distiibution of the gold The latter is found in the 
outwash from the great dominantly granite ranges of moun- 
tains which form the northern boundary of Mongolia and 
cross Manchuria Quartz veins containing gold are known 
but have not been extensively worked, save by the Mon- 
golor company north of Urga According to Collins, 
40,000 tons w^as here treated between 191 <5-1919 and 
yielded iS,ooo ounces of gold ot a value ot $342,000 The 
mam interest, however, centers in the placers The most 
ambitious and successful attempt to work these has been 
that of the Mongolor, a Chinese-Mongolian-Russian com- 
pany, based upon a concession granted Baion von Grot 111 
1899 It covered an area of 263,000 square miles, within 
which a considerable acreage of valuable placet ground has 
already been opened At first, American technical assistance 
was employed but — the lesults not being satisfactory — Von 
Grot went to Nome and w^orked as a miner to study meth- 
ods He leturned and reorganized the business so effec- 
tively that despite the isolation of the mines and the inherent 
difficulties to be overcome, it was for a number of years 


1 Op cH . Clupt \, pp 134 ISO. 1933 
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highly successful It is credited with a yield of gold to the 
value of $ 6 , 000,000 in the years 1901-IQ19, and in 1910- 
191T, of $1,140,000 per year In 1914, the yield is stated 
to have been at the rate of $1,306,000^ per year, and the 
profits about $175,000 Since then political difficulties and 
changes in contiol have mtenupted operations and less gold 
has been sent out, though some mining has been done each 
vear The property has been studied by a number of 
American and other mining engineers and, while the ground 
IS shallow, there seems to be no doubt that important areas 
remain to be worked Farthei west, along the south flanks 
of the Altai mountains theie are old native placer work- 
ings, as there were on the north, and, while the region has 
never been adequately studied, it is entirely possible that 
there will be found here great orebodies comparable to those 
m the Ridder and other mines on the opposite side of the 
mountains in Siberia 

Towaid the east, and in Northern Manchuria, there is 
even more abundant evidence of the existence of important 
placer areas The region has been visited by various native 
and foreign engineers, but being chionically bandit-infested, 
all attempts to explore it systematically have so far come 
to nothing The region immediately to the north in Siberia 
has been exploied and desciibed fully C W Purington, 
a widely experienced placet engineer, has wiitten ot it,“ 
and it can meiely be said that if older can be preserved in 
the region there is eveiy reason to anticipate that important 
placer gold mines may be opened and a distinct possibility 
that areas comparable to those worked in the Klondike and 
Fairbanks district will be found 

Gold placers have also been found m many other parts 
of China, but as to them the report that must be made is 
less encouraging C Y Wang^ lists a number of locali- 
ties in Chihli, Hunan, Shantung, Kiangsi, Honan, Kansu, 
Szechuan, and Hupeh and, in fact, gold has probably been 
mined from the streams of every province Many of these 
placers have been examined by competent engineers and 

1 “Gold Mlmiigr In Mongolia/^ Mining and Scientific Pros*, pp 410411 San 
Francisco, Sept 13, 1514 

2 “Northern Manchuria, “ Minmg MagOmne, Vol Jy, pp 53 58, 19 ir, 

8 Op, dlt, ppr 3C 37 
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theie IS substantiallv unanimous opinion that they me, with 
a few possible and dnubttul exceptions along the Uppci 
Yangtze, unimportant F C Thuiston ’ studied a num- 
ber of the placers in and found that they Mere much 

too pool to warrant Moikmg, sa\e as in avmcation In 
Hupeh on the Hin n\ci, lie found that a gang ol seven 
men earned fiom 4 to 7 cents a day per man, allowing one 
extia share foi the foreman Occasionally, the retains ran 
to the high mark ot '^2 a da; At anothci point, assuming 
the gold to be worth 20 peicent moie thin the mincis 
lecened, an assumption well within the pi nbihilities, he 
found that a gang pioduced 40 cents In a da-y and 

that the gravel was wmrth i to 4 eents a euhic yard For 
comparison it may be stated that model n cxpcnsiv ely-built 
bucket dredges do not make a profit, save under excep- 
tionally favorable conditions, on much less than 2^; cents a 
cubic yaid Thurston concludes his account of these work- 
ings as folloivs 

“From the evamples of placermiining dtscnbid it v^ill be 
seen thit the Chinese art leen prospictors, industrious A^orkcrs, 
and art satisfied to earn <a pittance Gold is width distributed 
throughout China, but prohabh in no readily accessible dis- 
trict in sufficient quantity and suffieicntlv concLiitrUtd to war- 
rant foreign exploitation 1 lie cMdcncc sten during the trip 
in led to a conclusion prcciscl> similar to that of von 

Richtliotcn, who tracelcd extensively tinough Chin i and who‘:c 
opinion was reported to the Shanghai Chamber of Commerce 
in 1872 

He then quotes von Richthofen as below 

“ ‘From my own experience on the subject I have arnved at 
the conviction that the greit number ni places m which gold is 
washed from iner sand m China at the present day, far from 
furnishing a proof of the wealth of the country, is, on the 
contrary, cloai evidence of the superabundance of human 1 tbor, 
the general prev^altncc of relatively low w igcs and the poverty, 
mdividually, of tliose engaged in the search for gold The gold 
wushers of to da>, with probably very tew local evceptions, 

1 “Guld PUcera in Central CJilna,’ Mining and Scientifu- Prt&s, pr Z72, 
Sau Frnncisw, 19 rs 
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earn less than the lowest wages which thev can get for ordi- 
nary labor, and take to their occupation m those seasons only 
when there is the least demand for field work We can, there- 
fore, safely conclude (wnth those few exceptions) that the greater 
the yield m gold, the greater will be the poverty of any one 
province The sum total is, in some of the overpopulated 
districts, not inconsiderable, and has quite misled the judgment 
of those who have even witnessed the miserable conditions of 
the gold diggers The number of places m which gold occurs 
m the various hilly countries of Europe is probably greater, on 
an average, than an equal area of China But no notice is 
taken of them because nobody could be induced there to wash 
gold for so little return as is generally obtained in China ’ 

Similar alluvium is found along the Upper Yangtze be- 
tween Yunnan and Szechuan, the southern tributaries of the 
Tarim in Turkestan, and the smaller streams in Shantung 
There are persistent but unverified rumors of rich placers 
on the Upper Yangtze In Tibet, gold occurs widely dis- 
tributed in placers and has been mined irregularly for cen- 
turies Collins^ and Maclaien^ each summarize what is 
known of the mines of the district as well as the political 
conditions It can only be said that evidence that deposits 
of mineral of anv character are especially large or rich 
rests on uncertain and secondary data, and that both natural 
and political conditions are distinctly unfavorable to mining 
If in the future Tibet be found to contain mineral re- 
sources of importance, they seem more likely to consist of 
gold and othei metals of value by the ounce than of coal, 
iron and others that run into large tonnage 

The second class of deposits mentioned by Ting, ancient 
alluvium, occurs at a few points, notably the Wall gold mine 
on the Yalung river m Szechuan No satisfactory descrip- 
tion of this property is available and on the basis of the 
data at hand it is impossible to make any valuable esti- 
mate of its importance The same situation obtains as 
regards the third class of deposits mentioned, a certain 
Tertiary sandstone known as the Hanhai formation and 
having a wide distribution in Turkestan and Kansu In 
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localities given by Ting as Kwenliin and Nanshan, it is 
said to be fiequentlv auriferous Ho\v impoitant it may 
ultimately pro\e to be cannot at present be estimated 

Vein deposits containing gold 111 quattz 01 with sulphides 
in connection with ^aiious gangue mnieials are widespread 
especially in the Noith, but aie nowTere worked in a large 
\vay C Y Wang lists a ?1umbei ot occuircnces and Read^ 
notes even nioit and also gives an extensive list ot leter- 
ences to such descriptions as have been printed He con- 
cludes wath the statement “that with the exception ot Man- 
chuna and the southwestci n piminccs nt China (Yunnan 
and Szechuan) the gold-mimng industiv gives little piomtsc 
ot growth “ It mav now be added that such exploration 
in western Yunnan as was earned out by the engineers of 
the New York Orient Mines Co , gave discoin aging results 
as to the tnuling of large deposits of gold ore unless in the 
most 1 emote and inaccessible parts ot the pi ov nice Such 
results, while not conclusne, may tairly he consideied in- 
dicative 

S/echuan has been visted by a numbei ot engineers but 
carefully studied by none Rich ore-shoots have been re- 
ported, especially m the Maha mine This and othei 
properties have been mentioned by numerous travelcis and 
a considerable international controversy has raged at times 
ovei mining rights m the province At present, it can 
only be stated that, while what is known of the geology ot 
the region is tavmrable to the occui rence of gold and the 
metals usually associated with it, especially m the western 
part of the province, much of the evidence of their actual 
presence in quantity is similar in character to that which in 
other parts of China has proved distinctly disappointing 
w^hen checked in the field 

In Chihh and Shantung are veins containing gold and 
sih^er concerning which more definite data are available ^ 
A number of them have been worked at various times under 
direction ot foreign engineeis, and modern milling and 
pumping machinery has to some extent been introduced 

1 Trans \ I M F , XLUI pp 4? 

2 “The Mineral B uf Szechuan China ’ Hcrljcrt W’’ L Mining Magaxme, 

Vol \V pp 20 lOlC 

3 Sec W 11 W^emg, op cit pp t;? 
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The various districts have been desciibed by Ellis Clark, 
H C Hoover and A S Wheler in papers already cited, 
and the piincipal mines were restudied by N L Wimmlei, 
Fred Searles and George Scarfe foi the New Yoik Orient 
Mines Co m 1916 and 1917 Hoover and his staff ex- 
amined more than 50 mines m these two provinces and 
found but a few ot any probabley value The veins in the 
Jehol district proper are valuable mainly for lead and silver 
and will be discussed later ^ 

Hoover found all the metalliferous deposits of the region 
to be confined to the ancient rocks and considered that they 
weie not related to the fairly abundant recent volcanics 
He disci iminated tvm classes of veins (a) gash veins which 
are unimportant though numerous, and (b) normal fissure 
veins of possible value Of the latter both narrow and 
wide examples vere found He described at Chang-kow- 
liang a vein 12 to 24 inches wide which had been stoped 
a distance of nearly 1,000 feet along the strike in each of 
two oie-shoots It contained 10 percent of sulphides from 
which 43,000 ounces of gold had been won m 39,000 tons 
of ore mined in si\ years, in part below water-le^ el This 
was the most important of the narrow veins seen by his 
parties As an example of a wide one he referred to the 
well known Chao-yuen mine in Shantung This, and other 
properties in the two provinces were described by Ellis 
Clark, and the Chao-yuen has been mentioned by many 
others Several veins of considerable size have been mined 
m the region south of Chefoo, the three most important 
localities being Ming-Iai, Ping-tn and Chao-yuen At each, 
modern machineiy has been used to some extent The ore 
19 m quartz veins of not exceptional size in older rocks but, 
as usual, the ore-shoots aie less extensive though still not- 
able At Ninghai, the average of all Clark’s samples® 
ran $1 87 per ton Samples from the large deposit ran 
from 77 cents to $5 85 and selected quartz contained 
$24 75 At Pmg-tu, he found the vein to vary from 4 to 10 
feet in thickness and a sample taken as an average from a 
pile of 1,500 tons of concentrate assayed, gold $3631, 


1 The pnmnpal mlhlug looaUtiea In North Chihli are iliown in Fig 7 
a Op cit , p. 579 
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silver, $294 As the latio ot conctnti ation is not given 
the value of the ciude ore cannot bt hguted The Chio- 
yuen distnct contains a number ot quait? veins, some re- 
ported to be i;o to 7^; teet wide, in which oic-shoots arc 
pieseiit Clark gave the average of 19 ore samples taken 
from prospect holes in the district as $5 86 and ot 10 sam- 
ples $9 75 in gold J H Curie repoited that at one time 
there was a leserv^e ot about 200,000 tons of oil worth 
$10 pel toiU Since then the mine has been vvoiked ir- 
regulailv and unsystematically, and when visited in T917 no 
important reseivcs vvcie to be lound dTc distnct is, huw^- 
ever, one from wdiich under stable political conditions, and 
assuming that proper business and technical administiation 
be available, a moderate yield ot gold mav be expected toi i 
number of years So fat as definite data are at band, the 
Chao-Yuen are the most important gold mines in China 
The ancient crystalline locks found in Chihli and Shan- 
tung underlie Manchuria and extend down the Korein 
peninsula In both areas gold, and subordinate amounts of 
copper, lead and other metals have been mined As to 
Manchuria, the follovving statement lias been made by the 
Geological Survey of Japan “ 

“Gold IS often contained in quartz veins, traversing gan iss 
quartzite, clav, slate, granite or contact zone of gneiss and 
granite, etc , but these veins are gencralh thin and barren of 
gold The greater part or almost all the gold is uashtd fiorn 
sands or pebbles of Quaternarv deposits, is placirs Though 
localities of placer gold are abundantlj known \et the> arc 
scarcely worth mentioning licrc ” 

In Korea, gold-mmmg has been an extensive and profit- 
able industiy Maclaren has given a brief note on the 
mines with citation to more complete descriptions, and in 
the files of the British and American mining journals will 
be found full accounts especially of the mines ot the Oriental 
Consolidated and the Collbran-Bostwick Syndicate, both ot 
which have been successful and profitable The number of 
opportunities for such enterprises seems to be limited, since 

t K>ne» of thr VVnrlJ,*' p 216 

2 Pullciin of tbtt Imperial CeoloRlcal Survej of Japan, V ui \V III, No fi, Tolcyo^ 
1905, p II 
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ventures undertaken by other companies at the same time 
have proved disappointing 

Exact records of the gold output of China m recent years 
are not obtainable In 1915, Ting estimated the total at 
200,000 ounces, of which 120,000 came from Manchuria 
and 60,000 fiom Mongolia The disorder in these north- 
ern countries has since cut dowiV the production from the 
placers and the American Bureau of Metal Statistics 
credited China with a probable 100,000 ounces, worth ap- 
proximately $2,000,000, in 1925 

Silver — This metal is usually associated with zinc and 
lead m China as elsewhere, but some of the silvei comes 
from the gold quartz veins just discussed Geologically, 
they are of two classes of veins ( i ) those in Archean 
gneiss, (2) in Paleozoic limestone The former class is 
chiefly found in north Chihli and north Shansi and the sul- 
phides present are usually small in amount, but rich m 
silver The second class of veins is much more widespread 
but the silver content is somewhat smaller, averaging, ac- 
cording to Ting, perhaps 16 ounces Probably the best 
known silver mines are those of the T^hol district in Chihli 
Wheler describes the silver as occurring theie mainly as 
argentiferous galena in quartz veins in granite or as a 
series of small intralacing veinlets known as a “stock work” 
though part of the ore replaces the limestone In 1917, the 
district was producing about 30,000 ounces a yeai Earlier, 
the output had been much higher Hoover had the follow- 
ing to say as to siNer in the aiea he studied 

“No silver deposits of any consequence have been found in 
Shan-tung, but some mines have been uorked to a considerable 
extent m Chi-li, particularly near Ch’ong-to (Je-hol) The 
principal mines have been worked by foreign methods, and 
consist of a senes of quartz veins m limestone These veins 
carry throughout well-distributed argentiferous galena in small 
quantities, but more particularly lenticular masses or seams up 
to one foot wide and 100 to aoo feet long of almost solid 
galena, yieldmg up to 500 ounces of sihei to the ton Silver 
occurs native, as sulphide, chloride, and as ruby silver, and is 
associated with the sulphides of lead, zitiC, arsenic, and anti- 
mony There is no gold traceable 



NON-FERROUS METALS 


141 

“The rich orebodies are very erratic, and failure resulted 
fiom the mstalhtion of foreign methods, although the natives, 
bv continuing the use of pumps, arc ^vorking 850 feet deep at 
Ku Shan Tzu Other small siUerlead veins wcie observed 
associated with felsite dykes, but uerc also ver) n irrou 

Outside the Jehol district the silver output is stiictly 
subordinate to that of other metals, lead, zinc, and coppei 
in connection with which it is found occasionally In 1920, 
samples of the copper being made at Tungchuan and of the 
zinc and lead smelted at Hungshan, two of the leading 
mines m Yunnan, weie carefully assayed for gold and silver 
without result In the far western part of Yunnan, silver 
was formeily won from lead-silver deposits It is possible 
that there lemain deposits of importance, though those 
tested in 1919-1920 proved disappointing 


Lead and Zme — While both of these metals are found 
at many localities in China “ the amount of eitliei piodiutd 
IS small and has long been so It is estimated that the cur- 
rent production of lead is 2,000 tons per year, though in 
recent veais the amount has been as much as to 6,000 

tons The present output of /me is of the order of 8,ouo to 
10,000 tons, but during the war and immediately after as 
much as 30,000 tons was credited to the country Theic 
aie two mines that have been worked primarily for lead 
and zinc, at the others the production has been mainly for 
gold or silver with lead as a by-product In Hunan, south- 
west of Changsha, the Shiu Kou Shan has been operated 
by modern methods and, with moderate contributions trom 
neighboring properties, has been mainly responsible in re- 
cent years for the Chinese output of zinc and lead A num- 
ber of descriptions of the property have been published^ 
and the mine has been examined by a number of foreign 
engineers It is under the control of the Hunan Mining 
Board The orebodv occurs at the contact of an intrusive 
rock of the granitic type, wnth limestones probably of Car- 
boniferous age ^ It has been opened to a depth of over 

^ Los Pm\lnces Motalloftthmjuc do Cbiue 

3 Cftpcclally* bhiu Kou Shan Mioe iD Hanau Cluin/’ by It \ Liatifl 

Mlniiw and Scientific Press, June ij* 1915 

4 VVong, W H j op cit r p, 4^ 
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800 feet on the vein and several ore-shoots of mixed sul- 
phides aie known One of these is 45 to 60 teet wide and 
600 to QOO feet long, according to Liang The analysis of 
the 01 es as they come fiom the shafts are given by him as 
below 


No 

I 

Shaft 

Pb % 

U 90 

Zn % 
2940 

Ag oa 
21 3 

No 

2 

Shaft 

19 10 

29 40 

18 0 

No 

3 

Shaft 

33 40 

23 70 

18 0 


The ore is dressed in a modern concentrating-mill and the 
zinc concentrates shipped abroad The lead was for a 
while smelted in a mod'ein furnace but in recent years the 
work has been mteirupted Piior to 1896, the mine was 
operated by native methods and old woikings extend to a 
depth of 600 feet Between that date and 1916, according 
to Wong, there was a total of 70,000 tons of lead ore and 
184,000 tons of zinc 01 e produced from this property 
The second most important pioduction of lead and zinc 
m China comes fiom the Kungshan mines in Yunnan These 
are in the northeastern pait of the province and w^ere visited 
in 1920 The ore occurs as a carbonate in limestones of 
Permo-Carboniferous or Tiiassic age The veins are small, 
though numerous, and no extensive replacement bodies were 
to be seen Native workings extend to a depth of 800 feet 
and in a number that were examined in 1920 there were no 
evidences ot large ore-shoots, though the veins seem per- 
sistent Both lead and zinc are reduced in local furnaces 
operated by native methods, and a limited amount of metal 
has been marketed thiough Yunnan-fu The distance and 
the cost of transport by pack-train effectually shut it out of 
the general market, and the small size of the orebodies and 
high cost of mining render it inadvisable to attempt intro- 
duction of modern means of mining and tiansport for the 
mines alone While silver has been reported from these 
mines, assays of the lead and zinc being produced m 1920 
failed to show it to he present 

In Western Yunnan there aie found at several points 
ancient w^orkings and extensive bodies of old slags such as 
first attracted attention to the Bawdwin deposits m Burma 
The geology of the deposits is, however, difierent and the 
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slags do not show the high content of lead that gave initial 
^alue to those at Bawdwin Diamond-di illing and a mod- 
erate amount ot undeigiound e\ploiation in one such dis- 
tiict north ol Tengyueh, led to the conclusion that the un- 
woiked portions ot the oiebodies remaining vert too small 
and ot too low giade to warrant provision ot modem taoli- 
ties and tiansport Othei similai slag bodies are knovn 
tarthei south and, while they aie in a particulaily inac- 
cessible distiict, it IS possible they may ultimately pio\e oi 
importance 

In general, in various piovinces of China both lead and 
zinc occui in small veins suitable to mining by native 
methods on a small scale, but not attoiding an adequate 
basis for employment of laige capital In the aggregiitc 
they may be made to yield a moderate amount ot leid and 
/me for local use, but there is no evulenee available indi- 
cating that the supply is adequate to any evtensne indus- 
trial development or will affoid the basis tor a laige export 
trade 

Copper — According to V K Ting, the occurrences of 
copper oie in China are extiemely numerous but few have 
proved of value Genetically he classifies deposits into five 
groups (i) magmatic segiegations , (2) contact deposits, 
(3 ) replacement and fissuie v eins , (4) impi cgaations , 
(5) sedimentaiy deposits of the well known **Red Bed’^ 
type ^ 

Examples of the first group may be well seen in the 
Permian basalt of Yunnan, which coveis immense aieas 
Throughout the northern part of tins province, wherever 
this rock crops out, there are abandoned mines and heaps 
of slag These gave the Frencli engmceis erroneous im- 
pressions of the mining possibilities along the Yunnan- 
Tonkin railway, but Leclere, who reexamined the region in 
1897 estimated their importance coriectly “ They are 
practically without exception small, irregular bodies entirely 
unsuitable for modern working Similar occurrences are 
known in the Tertiary porphyiies of northern Chihli 


1 For nmp ^rowltijr location of principal c^-ipper districts of the Tar Hast, net Fig 8 

2 AinL de« Minw, 5 Ser , Vpl io, Mem 190 * PP 3f>7 3841 44^443 
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The second group, contact deposits, is associated with the 
iron 01 e m the central legion, being due to the contact 
action of the diorites Such deposits are found scattered in 
southern Hupeh in the districts of Shingkuo and Yangshing 
The Tayeh iron deposits, already described, have copper 
sulphide associated with them and, as alieady noted, the 
Tung Kwan Shan deposit was' first worked as a copper 
mine The deposits aie generally of no economic value, but 
neai the Shiu Kou Shan mine Searles examined one such that 
has possible value The government mine at Pangshih in 
Kinn, Manchuria, seems to belong to this type, the copper 
content of the oie worked is usually above lo percent, 
though the leserve is limited Mining stopped here in 
1918 and has not been lesumed 

The third class, replacement and fissure vein deposits, is 
by far the most important and there arc many examples 
The copper mines around Tung-chuan in Yunnan, the ones 
yielding the largest amount ot copper in China, are of this 
character In the limestone the veins form stock-works 
with minor amounts of replacement In shale the veins are 
narrower and there is little replacement Similar deposits 
are to be found in Hueih district in the southern pait of 
Szechuan 

The Tungchuan deposits have long attracted attention 
and copper has been mined there for hundreds of years In 
the seventeenth century the mines were placed under an 
Imperial mining board and Leclere states that at the end of 
that century the output was about 6,000 tons a year The 
mines are now controlled by the Yunnan government, and 
the production is given of the order of 800 to 1,000 tons a 
year The copper comes from a number of localities one to 
three days’ journey from Tungchuan, the chief city of the 
district, where it is assembled, refined and in part made into 
brass by mixture with zinc from Kungshan about two days’ 
journey to the east The mining is done by native methods 
and the ore is closely sorted by hand in Older to secure 
material for first reduction by small native furnaces fired 
with roots and stumps, the trees having long since been cut 
off At Tungchuan, reverberatory furnaces have been 
built and with coal, also brought mainly from Kungshan, 
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the ciude metal is lefined It does not contain either gold 
or Sliver in impoitant amounts 

The mines have been visited by seveial foreign engineers 
R M Raymond, now Professor of Mining at Columbia 
University, examined them in 1901 for the Anglo-Ftench 
syndicate at that time active in Yunnan Collins, the later 
representative of the same gioup, states that leported 
that these mines were too nearly exhausted to fuinish even 
a moderate supply of ore He was of the opinon that the 
mines weie not paying under the existing complicated sys- 
tem of Chinese official control, that the deposits were not 
laige enough to make a good mine, also that he could not 
see any piospect of profitable orebodies at greatei depth ^ 
In 1920, in company with M D Draper and C K Li, I 
reexamined the deposits for the Yunnan goveinment The 
ore was found m part in the basalt and in schists but came 
mainly from stock-works and zones in limestone The rock 
was fissured and broken by a multitude of small cracks in 
which, near the surface, copper caibonate was found and at 
depth sulphides, mainly chalcopyrite and bornite The in- 
dividual fissures had been followed downward sev^eral hun- 
dred feet by narrow tortuous workings from which small 
amounts of carefully hand-picked ore was won The largest 
body of ore seen was in limestone where a rough estimate 
indicated the piobable original presence of perhaps r per- 
cent copper through a million or more tons well situated for 
open-pit mining The bulk of the copper had, however, 
beem already picked out of this deposit In general, by 
maiketing the copper as the company did, partly m brass 
cash and partly m copper sheets and coppei ware, it was 
then realizing a price per pound substantially double the 
contemporary price in New York This was possible only 
to the extent that it could sell copper within the region 
where the local mines had a natural monopoly because of 
the distance from the railway and cost of transport 

The fourth type, impregnation, is exclusively found in 
pre-Cambnan crystalline rocks of south Shansi, and north- 
west Hupeh The deposits are usually of low grade, but 
the reserve sometimes reaches respectable dimensions* One 

-1 ^iTmcral Entetpnac m CHitm/* pp 6061 
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orebody, containing possibly i, 000,000 tons and having a 
probable average giaJe of i percent, has been reported, 
though it has never been completely sampled The govern- 
ment mine of Pengshien neai Chengtu (Szechuan) belongs 
to this group The mine has been given modern equipment 
but owing to political conditioqs production has been de- 
clining W H Wong, m the China Yeai Book for 1925, 
gives 5 tons as the output m 1923 The orebodies aie large 
lenses m the crystalline schists and limestone, the average 
coppei content being reported to be about 5 percent Up 
to the piesent, no adequate data have been hi ought to light 
to wairant the conclusion that coppei deposits of fiist rank 
are to be expected 

The occunence of copper in the “Red Beds” in China is 
of great geological interest but not of economic significance 
In Yunnan and Kweichow, the lower Tnassic sandstone 
overlying the Peimo-Tnassic coal measures contains cop- 
per, usually in the form of malachite, which used to be 
worked m the district of Hsuanhui, Yunnan Similar de- 
posits are found in the Hanhai formation in Turkestan, tor 
example, the copper mines near Aksu Where these de- 
posits were seen in Yunnan in 1920, they were found to be 
of the usual “Red Beds” tvpe found in many parts of the 
woild and the amount of copper present was so small that it 
having been worked at all was an evidence rather of the 
general poverty of the region than of the iichness of the 
deposit 

The present production of coppei in China is about f,ooo 
tons, mostly from Yunnan, Kinn, Kansu, and Turkestan, 
the first province supplying about 50 percent 

Tin — Tin IS at present the most important metal pro- 
duced m China fiom the point of view^ of value The coun- 
try tanks fourth among the world’s producers and can be 
counted upon for 8,000 to 10,000 long tons a year In 
1916, the output was 8,600 tons which rose to 14,000 in 
1922, after which it dropped to a low point estimated^ at 
7,000 tons in 1924, since when there has been a retovery to 
8 j 500 or more Over 80 percent of the tin comes frorn 

1 Araer Bureau of Motal Statirtica 
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the Kotchm distiict neai Mengt7e in Yunnan The ic- 
maind'ei is tiom a numbei of small distucts lolloAMiig a belt 
from Southern Hunan through Kwangtung and Kwangsi 
into Indo-China Tn southern Hurun, at the Kingwha mines 
the tin IS alluviiP as also actoss the boulei at Fucluun in 
Kwangsi ^ In both districts the geology is such as to lti\e 
little doubt that the original source is in veins 01 pipes in 
the limestone, associated vith a granite intrusive tliat iindei- 
lies the belt In the Lmhsien and Lmhwa distncts the ore is 
definitely asciibed to such \cins or pipes ‘ and in a geneial 
resume of the district W FI Wong^ tieats the icgion as 
a typical tin-tungsten belt related to die granite While the 
vein tin is associated with fluoiite and mmoi amounts ot 
various sulphides, the alluvial tin is lemaikahly pure and is 
in demand at Hongkong toi diluting the less pure metal 
from Kotchiu The output of these mints has ne^ci been 
laige and the information available does not indicate tint 
they are of first rank 

The extension of this belt into Indo-Chma now fields'" 
about 300 tons of metallic tin per year, the ore coming from 
Kao Bang and being smelted locally The Nam Palen 
mines in the Laotin basin are also locally important The 
Laos districts indeed are attracting attention and do oftei 
possibilities though the geology is not knovn m detail A 
laige deposit is reported at Bo Neng 

The most important tin-producing district in China is at 
Kotchm near Mengtze in southeastern Yunnan It was foi 
man^j years distinctly inaccessible because of anti-foreign 
sentiment among the local miners and smelters It was vis- 
ited, however, by a few French, British, and American engi- 
neers and in 1920 was examined for the Yunnan govern- 
ment bv myself and party Since then, M D Diaper, then 
associated with me^ has been chief engineer for the principal 
companV) the Kotchiu Tm Trading Co , which is controlled 
by the Provincial government The distiict produces 7,000 


1 'Winitinfir the HuPan TxiOiolda,’^ Cilmuiir L Brown, Mining V^oJ XIII, 

^3 ‘ iScpoaltJ of the FuCbuau Chirti ' M B Xuujj, rnna, 

Ak I M Vol pp 639607, 1914 
a C y Wdng, op j:it , p 36 

i Provlncea MiiaUoietiiqurs de Ch^ne, PP 39 4t 
tJj W Fnrpewi in tpag * Min Res U S,, 

Bhreau of MineSr ipaS, 


Kjjs, rc I p, a4t u s 
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to 9,000 tons of metallic tin per year The supply comes 
from lodes in limestone The mountains on which the 
mines are situated stand 4,000 to 5,000 feet above the 
plains, so the water level is far below the summit and the 
veins have been deeply oxidized This accounts for the 
impression which obtained, before underground studies were 
made, that the ore was entirely placer It is in fact residual 
essentially in place In the mountains there is an important 
intrusive granite and the veins are of the usual tin-tungsten 
type, though tungsten is suboidinate and has never been 
produced m quantitv The mmeialized area is large, the 
veins well defined, the ore-shoots persistent, and it is to be 
expected that production fiom this district will become 
more rather than less impoitant A nairow gauge railway 
connects it with the main line of the Haiphong-Yimnan-fu 
railway and a modern mill and smelter were some years 
since built The principal mine is now about to be opened 
by a vertical shaft superseding the slope up which 01 e has 
long been carried on men’s backs The workings extend 
to a depth of 1,500 feet 

Tungsten — One of the few minerals of which China 
contributes an important percentage of the world’s output 
IS tungsten In 1924, 6 ] percent of the total came fiom 
this country Tungsten had no value to the ancients, so 
that the abundant ores found in the residual soil over the 
veins in which it occurs were not mined away It was only 
at the period of world shortage during the War, that at- 
tention was attracted to the Chinese deposits A little came 
out in the first year of the War and production lose m two 
years to an output estimated by F L Hess at 10,000 tons 
of concentrate 

Occurring as the material does at the surface and being 
readily amenable to wet concentration with a simple plant, 
the mining ot tungsten ore fits in particularly with Chinese 
methods and within a shoit peiiod the shipments were large 
enough first to dominate and then to break the market At 
the present time high percentage concentrates can be laid 
down in New York or European ports cheaper than from 
any other district While much of the richer, easier to be 
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won material has now been marketed, large quantities pre- 
sumably remain, and for a considerable period China may 
be expected to rank fiist among producers 

Though minor amounts of tungsten ore have been found 
elsewhere, the important deposits are in the southeast W 
H Wong recognizes two tin-tungsten belts,' one near the 
coast and extending down through Fukien, the other, and 
more important, extends along the border line between 
Kiangsi and Hunan on the north and Kwangtung and 
Kwangsi on the south, running on into Indo-Chma It is 
the same belt m which the tin deposits, already mentioned, 
aie found, and the mode of occurrence is the same, tin and 
tungsten coming often from the same veins He quotes 
C Y Hsieh * to the effect that the principal center of 
tungsten production is at Yao Kang Hsien in Hunan, where 
a mass of granite is intruded between limestone and quartz- 
ite There are many quartz-tungsten veins m the quartzite 
but not in the limestone Toward the east, tin replaces 
tungsten C Y Wang “ lists a number of individual locali- 
ties The extensive area is far from completely prospected 
and vein mining has hardly been begun It may be expected, 
therefore, that China will be able to supply tungsten in im- 
portant quantities for a long period though not, probably, 
at the low price of recent years The deposits and woiking 
methods have been described recently by C F Crevcling'* 
and have been discussed by F L Hess “ who has kept in 
close touch with their development The total output in 
192^ was estimated by Cohn G Fink at 3,500 metric tons 
coming mainly from Kiangsi “ 

Outside the region described, while tungsten is known to 
occur, as at Kotchiu in Yunnan and in northern Chihli, there 
IS no indication of large deposits being present 


Antimony — In antimony, China dominates the world’s 
market and seems likely to continue to do so for an indefi- 
nite period According to J. W Furness ' 


1 PnrvloceB M^tnJloffemqucs de Chine * 
a Ibid , p 40 

3 Op. dt,, ^ 

4 Iron Trad© Re- 


ieviiw, April 34 , I034- 

JJEng- Min. Joum Presa, Jan t?. loa^ 

5 Tb© Mineral Industry, vo! X''6vVIir, p 718 
7 Mineral Reioturcea, ipsSj Pt I, U S Bureau of Mines, ipaS 
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“Clnna’s production of antimony is not accurately k:no\\n 
and the statistical information available is based on the ex- 
ports Duiing the period 1908 to 1916, slightly moie than 50 
peicent of the world’s production was furnished by China, 
from 1917 to iQio, 5o peicent, from 1921 to 1923, 80 per- 
cent, and during the last two years, 90 percent The price 
at which Chinese antirnom is sold is partly related to the late 
of exchange and therefore fluctuates with the value of silver ” 

He gives the following table showing the output and 
value of the mines 


EXPORTS OF \NTIMON\ FROM CHINA 
quotations at York) 



Lvchanqc rate 

Jlxpoits 

Mesv York price 


Ifp-uff konq 

(Mctr\c 

C if ccfiis 


( tai Is) 

t(n\s) 3 

per ponnd 

1912 

0 74 

I 3 » 53 l 

7 76 

1913 

73 

13,032 

742 

1914 

67 

19,645 

8 53 

T9I5 

62 

23.357 

29 5 a 

1916 

79 

42,800 

as 33 

1917 

I 03 

28,450 

20 73 

1918 

I 39 

7,721 

12 55 

1919 

1 26 

15,597 

8 16 

1920 

I 24 

13,001 

8 32 

1921 

76 

14,658 

4,9a 

1922 

83 

13,858 

54a 

1933 

7975 

14,256 

7 81 

1924 

78 

12,059 

1077 

19^5 

7577 

18,938 

17 50 


More than 90 percent of the antimony mined in China 
Comes from Hunanj where it is widely distributed jThe 
most important centers are in the valley of Tzukiang in the 
districts of Shinghua, Anhwei, Yiyang and Paochmg The 
mineral is usually stibnite, but the oxide occurs also in small 
quantities The best known deposit is that of Hsikungshan, 
where the oie beds 6ccur between the quartzite and the 
upper limestone which are either lower Carboniferous or 
upper Devonian These beds are folded into anticlines and 
domes, with which the ore seems to have a constant rela- 
tion Most of the other Hunan deposits are found in the 
same horizon, but in Yunnan the Amichow deposit is prob- 
ably in the Tnassic formation The antimony deposits 

1 Maritime CuAtoma, Forclffn Trade of China 
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have been descnbed in part by H Y Lian^d A S Whcki, 

C Y Wang,^ and others^ and the Geological Snnev of 
China has published a desciiption of the most import int 
mines, those near Hsikung-shan in ccntial Hunan, by F R 
Tegengren * He found the antimony to occur heie as stib- 
nite 111 a 150-foot bed of quart/ite at tlic base of a sedimen- 
tary series some 1,500 feet thick He considered the age to 
range probably fiom Silurian to CarbonitD ous \sidc 
from secondary antimony minerals the stibnite is rtmaik ibl\ 
puie and is found with quaitz as the only gnngiit mnuril 
The bed of quartzite in vhich it is found is to be seen only 
m the crests of inticlincs exposed bv erosion In these 
crests the quart/itc has been fractiucd and brccciated and 
the stibnite fills in the fractal es and occuis lining ca\ts and 
open spaces Tegcngien estinnted that up to some 

104.000 tons of metallic antimony had been won trnm thtst 
particular deposits Calculating back from this to the 
amount of ore mined and that left behind, hi aiii\ed at 
6 percent as the original a\crage content of the quart/ite 
in the mam deposit Twm additional ones, the Chi-li-kiang 
and Kiang-chung, aic considered to be poorei though the 
latter, especially, is not well known Aside from the de- 
posits of this district, antimony is known only in ordinary 
veins w^hich aie much less important 

Tegengren made tentati\e estimates of the leservcs of 
the district and arri\ed at a figure of ^,000,000 of ore of 
iJ5 percent grade as the original content of the Hsi-kwang- 
shg^i ridge, of which 1,300,000 tons of metal was estimated 
as remaining to be won To this he suggested the addition 
of 3,000,000 tons of ore oi s percent grade* equal to 

150.000 tons of metal, for extensions to the east 1 he 
data were considered to be too scanty to wan ant any at- 
tempt to estimate reserxes m the other deposits 

Since the w 01 Id's consumption of antimony is of the older 
of 17,000 to 18,000 tons pel year, of winch Chun now 
supplies 13,000 to 16,000 tons, and the eost of production 


1 Wnh Chxinc Muit^ China’* Mnimc: nnd Sucntlhc JuK in x^is p *i ? 

a “Xntjmony Pn^luctn^n Jn Ilunaji rnnauve, Chiai,” Inna ln<it Min nnd Met, 
Vol \\V igi*; 16 pp 166 

8 "The MincrU Resourcefl (Tilna pp aC 31 

4 Hbi Kwauff Shati Xtitimonj ilimnil Fteldi,'* Bull 0 (x 4 Sur\ China, No 3, 

Oct , PP» I 
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in the latter country is below that of competitors, it would 
seem that for a long period China can dominate this market 

Mercury — Among the minerals eagerly mined by the 
Chinese through a long term of years has been mercury or 
quicksilver, which was m demand as a base for making ver- 
milion paint It has been estimated that in the peaceful 
years of the last century the output rose to i,ooo tons per 
year, outianking the contemporary production of any othei 
country Disturbed political conditions, and perhaps ex- 
haustion of mines, caused a decrease, so that in 1901 local 
mines furnished but 200 of the 510 tons consumed in China 
and by 1914, this had fallen to 130 tons out of a consump- 
tion of 370 At present, the output is probably much less, 
though exact figures are not at hand 

The important quicksilver mines are all within a belt 60 
miles wide extending from western Hunan across Kweichow 
into southeastern Szechuan and northern Yunnan, some 425 
miles Most of the occuiiences and virtually all the mines 
are m Kweichow The district has been visited by F R 
Tegengren with C F Eiikson and W P Loo, and is de- 
scribed ^ in one of the bulletins of the Geological Survey 
He found the deposits to consist of irregular veins or stock- 
works in brecciated layers of limestone or hard shale with 
some dissemination of the cinnabai in the beds, as crystals 
and aggregates of crystals The conspicuous feature of the 
more important deposits was that they occurred in elevated 
anticlines where the older, probably Ordovician Iimestcne, 
IS exposed, and are not known elsewhere They show close 
relations to the geologic structure, but no igneous rocks are 
known in the district though present in the surrounding 
region It is inferred that the deposits were formed in the 
Tertiary period and are related to underlying intrusives 

The data available did not permit Tegengren to make 
any estimate of reserves or even to reach a certain conclu- 
sion as to the average tenor of the ore He consideied, 
however, that the ores being worked m 1915 would contain 
less rather than more than i percent of mercury, though 

^ Qtiiciallver BepoiiU <j£ Cluaai" F R Tecengren, Bull Geol Surv Chliuit 
No j, 0 ct.» id;io, pp i 35 
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occasionally rich ore up to 4 percent is found While the 
area in which the quicksilver is found is lar/re, it is inaccessi- 
ble, the grade is Iotv, and expectation ot finding ncher ores 
in quantity cannot he great in view of the long petiod in 
which the Chinese have known and valued the deposits The 
attempt of the Anglo-Fiench Quicksilver and Mining Con- 
cession of China, Ltd , to mine these ores, beginning in 1899 
and extending to 19 ii was vithout profit Since the stop- 
page of the T^ork in the latter year by the revolution, no 
attempt has been made to resume opeiations 

Minor Minerals — Molybdenum, cob»tlt, nickel, bismuth, 
arsenic, and many of the raier mineials are found in China 
and arc produced in small amounts, hut no deposits of more 
than local significance are known 

General — Non-ferrous minerals are found in all the 
countries of the Far East m variable amounts In succeed- 
ing paragraphs the situation as regards Tapan, Philippine 
Islands, Malaya and Netherlands Fast Indies is briefly 
reviewed As to Siberia, the Pacific provinces aic known to 
be rich in placer gold and may contain deposits of secondary 
rank of a number of the other minerals One 7inc mine, 
near the coast north of Vladivostok on Tmtiuhe bay,^ has 
been worked for a number of years and has produced ns 
much as 25,000 tons of 7 inc ore, in the form of caibonate, 
and 4,500 tons of lead-silver ore in a single veai It is re- 
ported now to have a reserve of 840,000 tons containing 
10 ^ percent lead, 13 2 percent 7 inc, and 8 2 ounces of sil- 
ver 

So much has been written concerning Siberian gold 
placers, and the information is so easily accessible, that it 
hardly seems worth while to do more than mention sources 
A convenient summary and introduction to the special litera- 
ture of the subject will he found m Maclaien’s book * 

In Indo-China a wide variety of minerals is present and 
ample notes on their occurrence will be found m the report? 
of the Geological Survey of that region Minor amounts 
of tin and tungsten have been shipped and larger tonnages 

1 Purjttirton, C W, En^r Min Jwtr Vol iij, p 36J 

a "Gold, pp 210 2«5 
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of line ore, the latter mainly m the foim of caibonate In 
1925, the expoit of zinc oie was just under 50,000 tons 
A 7inc smelter has been built at Quang Yen Lead and 
coppei haA^e also been mined in small amounts but up to the 
piesent the evidence available indicates that Indo-China re- 
sembles South China in having a considerable number of 
small mines pioducing many diffeient minerals and will not 
contiibutt laige amounts of any of the minerals 


In Japan mining is an ancient industry and began with 
the necessity ot finding a domestic supply of metal as a 
basis toi comagL and to permit construction of large Bud- 
dhist images toi the temples According to the handbook 
on “Mining in Japan’’ distributed by the Japanese Mine 
Owners Association at the Sesqui-Centennial Exposition at 
Philadelphia m 1926, the oldest record of mineral produc- 
tion IS of the presentation to the Imperial Government of a 
quantity ot oil produced in Echigo In 700 A D , a policy 
ot encom aging mining was adopted and by the year 1000 
A D mines had been opened on a fairly large scale, and m 
the Tushima sihei mine workings had extended to a depth 
ot 1,100 feet Many of the mines now operated in Japan 
vveie discovered more than 1,000 years ago, and by 1685, 
there were 3t ot record employing 200,000 persons and 
yielding 12,000,000 pounds of copper and 5,800 poundls of 
Silver The annual mineral pioduction m 1924 amounted 
to 412,808,330 yen in value, coal accounting for more than 
half 

Details covering pioduction of the principal non-ferrous 
minerals are given in the table below 


PRODUCTION OF NON-FERROUS METALS AND ORES IN JAPAN 1 
(For the Year 1924.) 


Copper 

Gold 

Sliver 

Zinc 

Lead 

Tm 

Pyrite 

Milng&neae 


Ib 

AmoufU 

(tn yen) 

I40)499i763 

48,672,363 

troy oz 

385,3^1 

15,956,626 

troy oz 

Ib 

3 » 59 W 6 

31,256,150 

5 , 793 , 7^7 

5,554^640 

lb 

lb 

6 ; 534^885 

770,010 

969,862 

864,900 

metric tons 

220,455 

3,030,076 

ore metric tons 

7»582 

218,544 


1 From ''Mitunff m Japau,” 1926 
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Minerals of many varieties are widely distributed in 
Japan The islands form the crests of a half-submerged 
chain of mountains which have an ancient civstalline coie 
and around which Paleozoic sediments aie found In con- 
trast with China, Tiiassic and Jurassic sediments are rela- 
tively unimpoitant and Cretaceous beds cover considerable 
aieas both in the north and the south The stiiking charac- 
teristic of the geology of Japan is the gieat senes of vol- 
canoes which in Tertiary and recent times have poured out 
masses of lavas and given use to the great deposits of tutt ^ 

Copper IS the most important of the non-ferrous minerals 
mined and for a number of years placed the Empiie second 
among the world’s copper producers The metal is found 
in veins, impregnations, metasomatic deposits, and one im- 
portant mine, the Besshi, works a bed of cupriferous pyritc 
in the ancient schists The output of the five leading prop- 
erties m 1924 was as below, the figures being m pounds 


COPPER PRODUenON 

IN J\PAN 

Ashio 

3 ^ oS+,383 

Bc^shi 

27,614,084 

Koialva 

18,675,435 

Saganoseki 

16,719,970 

Hitachi 

16 670,140 


These mines arc all well-equipped and, while old, show 
promise of being able to keep up then production for a long 
period At the Ashio mine the 01 e is mainly m a hparite 
intrusive in the older Paleozoics The chief mineral is chal- 
cop,ynte but pynte, pyrrhotite, zinc blende, galena, and 
arsenopynte are also found There are a multitude of 
small veins and occasional bonanzas due appaientlv to re- 
placements of wall-rock The crude ore sent to the null 
is reported to contain 5 percent copper* 

The Besshi mine, as already indicated, works on a bed 
of cupriferous pynte which is 1,500 meters long It is as 
narrow as o 6 meters and as wide as 8 It has been mined 
to 670 meters below the outcrop Much ot the ore con- 
tains 5 to 7 percent copper The Kosaka mine, in north- 

1 For a general accoimt of the geology in English, see "Ontlmej* of the Gcolggr 
of Japan/’ Imperial Geol Surv J^an fnkyo, rooa Also, “The Geological and 
Mineral Resourcea of the Jnpancic Empire,” Imperial Geological Survey, Japan, 136 
pngea, Tokyo> 
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ern Japan yields a so-called “black ore/' an intimate mix- 
ture of various sulphides and baryta The Saganoseki 
woiks draw then supply from a number of mines belong- 
ing to the Kuhara company which also controls the Hitachi 
mine where pynte and chalcopynte occur together and must 
be separated by flotation Accoiding to K Kinoshita^ the 
ore occurs in five large lenticular masses in amphibolite 
The Honko deposits is given as 450 meters long and 4 
meters wide, the Kammine 300 by 7, Chusei, 400 by 6, 
Akazana, 120 by 14, Takasanzi, 150 by 12 The average 
ore now mined contains 2 46 percent and a small amount 
of gold and silver 

A recently discoveied mine,^ the Tsuchihata of the 
Tanaka Mining Co , is said to contain an 01 e-shoot 650 by 
800 feet m cross-section and has been developed to a depth 
of 300 feet 

Gold IS found at many points in Japan, occurring as veins, 
impregnations, in metasomatic replacements and contact 
deposits The placers have been almost entirely exhausted 
though m Korea placers are still mined The principal gold 
production comes from the following sources as shown by 
the output in 1924, the figures being in troy ounces ® 


GOLD PRODUCTION IN JAPAN 


Saganoseki smelter 

61,666 

Unsan Mine, Korea 

6r,43a 

Hitachi Mine 

55)301 

Taio Mine 

36,250 

Kushikino Mine 

30,740 

Besshi Mine 

14)538 

Rippo Mine, Korea 

13)357 

Saddo Mine 

1,885 


Sliver IS also found m all parts of the islands occurring 
largely m veins where worked for gold and silver alone, 
but here as elsewhere, the greatest production is as a by- 
product from smelting copper and lead Six mines and two 
smelters, each of which in 1924 yielded from 200,000 to 
575,000 ounces, together accounted for 3,126,438 ounces 

X “Geological and Mineral Reeoarcca of Tapanrte Empir^’ p 87 
a “Progre^ m Mining in Japan/' J Yolrobon, Eng Min Jour » Vol laa, p 506, 
S^t 35 1936 
0 “Mmmg in Japan,” p B 
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I.ead IS not an important metal among the products of 
the countiy, the mines being unable to supply more than 10 
percent of the domestic demand During the War, a smelt- 
ing industry based upon imported ore was built up but it has 
since languished The most important lead mine is the 
Kamioka, which yielded pounds m 1924 

Zinc has been known for many years but prioi to 1905 
was legarded meiely as a nuisance m smelting 01 es of other 
metals In that year exports of the 01 e began and about 
1911 smelting was established on a small scale This was 
expanded in 1917 and ore was imported fiom various Far 
Eastern countries to supplement the domestic supply Zinc 
blende is the principal ore and the largest output — 23,- 
374 j^ 5 ^ pounds in 1924 — comes from the Mitsui smelter 
at Make The metal is partly produced from imported 
ore The most important mine is the Kamioka from which 
some 25,000 tons of concentrate comes annually It is de- 
scribed by Kinoshita as being a contact metamorphic de- 
posit, irregular in form and varying in thickness from 30 
centimeters to meters The ore is a mixture of argentif- 
erous galena, chalcopynte and zinc blende associated with 
crvsocola, malachite, pyrite, arsenopynte and bismuth 

Tin has been long produced in Japan but at the close of 
the last century the only mines open were in the extreme 
south of Kyushu and the output was small In 1909, a new 
mine, the Akenobe, was found in Hyogo and since then 
the production has increased largely In 1924, the output 
frorg^ this mine amounted to 739^679 pounds and that from 
the older Suzuyama, 30,486 pounds At the Akenobe mine, 
the tin 1$ found with stiver and copper in quartz The Suzu- 
yama vein 13 of the usual quartz-cassitente type 

Bismuth IS now produced in small quantity as a by-prod- 
uct of copper and lead smelting The foimcr antimony in- 
dustry has disappeared as a result of exhaustion of the 
richer ores and the competition of Chinese mines Ores of 
mercury, chrome, tungsten, molybdenum and other rare 
metals are known to be present, but apparently m quantities 
too small to permit establishment of any considerable min- 
ing industry From such information as is available it 
seems probable that Japan, while possessing a wide variety 
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of non-ferrous minerals, does not have them m such quanti- 
ties or in deposits of such size as will peimit her to do more 
than supply domestic needs even with a very moderate de- 
gree of industrialization of her people 

The coal and iron deposits of the Philippine Islands have 
already been discussed It remains here to say a few words 
regarding the minoi minerals The geology and mineral 
resources have been described m a report to which reference 
has alreadv been made ^ wiitten by W D Smith, than 
whom no one is better informed or moie competent to pass 
an opinion In summary he says ^ 

‘dn some literature the number and the value of Philippine 
mineral deposits have been overstated Although mineral de- 
posits of one kind or another have been found in all paits of 
the Archipelago and though mineralization is widespread, I 
am compelled, after ten years’ intimate acquaintance with the 
country, to say that very few already discovered deposits are 
of sufficient extent and richness to attract capital to undertake 
large-scale operations The comparative geologic youth of most 
of the formation, the lack of persistence due to faulting and 
pinching, and the prevalence of archipelagic instead of con- 
tinental conditions have affected the location, size, continuity, 
and value of the vanous deposits In spite of the impres- 

sion which the above statement may give, I am of the opinion 
that there are some excellent possibilities m the Philippine min- 
eral field The country has not yet been thoroughly pros- 
pected ’’ 

It IS true that prospecting has not covered the whole 
area with care and that in tropical countries prospecting is 
difficult and expensive, but many experienced American 
prospectors have been in the country and the number of dis- 
coveries that have warranted development have been few 
Copper, lead, zme, gold, silver, molybdenum, tungsten, 
chromite, platinum, and manganese are all known to occur, 
but none has led to any significant mining development save 
manganese and gold 


1 Oeol SXm Res P 1 , 559 pages, MupUa, bureau of PHnUog, 1034 

2 Op cit , p 356; 
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Of manganese ore there is a recorded production 
valued at 51,500 pesos in the years 1907 to 1920 inclusive^ 
of which nearly three-fifths was shipped in one year, 1916 
In the same \ears the total gol?^ output was valued at 22,- 
943,614 pesos For the last ten years it has consistently 
amounted to more than $1,000,000 a year, but despite the 
success of the established mines there has been no expan- 
sion The leading mine is the Benguet near Baguio, on 
Lu^on From the commencement of opeiations m 1906 to 
the end of 1920, the mine had yielded 143,793 tons of ore 
from which gold to the value of 4,983,750 pesos had been 
recovered and dividends totaling 1,250,000 pesos paid At 
that time the reserve stood at 132,910 tons, estimated to 
contain gold to the value of 4,647,800 pesos In the 
Aroroy district on Masbate, the two leading mines are the 
Colorado and the Syndicate They are on quaitz veins in 
adesite and related rocks, ordinarily 5 to 10 feet wide but 
occasionally broadening out The ore rcserv^es arc mod- 
erate and while theie aie large long veins in the district, 
the grade of any ore mined on a large scale will he low 
The third district of importance is the Paiacale-Mambulao 
wheie a numbei of small veins have been wmrked at various 
times and where in 1915 nine gold dredges were operating 
in placer ground derived tiom the decay of the rocks The 
field proved to be limited and all but one ot the boats have 
worked out their ground 

Aside from the three districts mentioned, mining of 
metjyls is an unimportant industry in the Philippines, and 
while something of this is probably due to the uncertainty 
of the political future of the Islands and other aitificuil 
conditions, most of it is the natural result of the smallness 
of the ore-shoots so far found The mines and prospects 
already located have been examined by many competent 
engineers An experienced San Francisco group kept an 
excellent scout m the Islands nearly a year, long before the 
present uncertainties as to the futuie of the government had 
arisen, and m 1915 and 1916 a strong New York company 
kept two excellent men in the Islands nearly two years 
They examined and sampled many propeities, but were un- 

iSinxth, Dp clt, pp 353353 
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able to find any mining property justifying investment of 
laige capital 

The Nethei lands East ^dies are well mineralized and 
may be expected to play an important part in supplying the 
world^s needs The important nomferrous minerals now 
mined are gold, silver, and tin Copper, lead, zinc, nickel, 
platinum, chromium, tungsten, mercury, molybdenum, bis- 
muth, antimony, and arsenic are known to occur Of these 
there is a small production of tungsten in connection with 
tin mining and a few ounces of platinum aie recovered tiom 
Boineo diamond mines In the opinion of Brouwer the 
mckel found m the residual deposits of the lake region 
in Celebes may become commercially impoitant Since the 
Htcritic iron ores of this district contain as much as i per- 
cent nickel and 2^1 percent of chromic oxide, it is possible 
that both may come on the market in some form when the 
iron ores are worked 

The most important gold-silvei mines are found near 
Benkulen m western Sumatra, the Redjang Lebong and 
Simau being the best known The Mangani and Salida, also 
on the west coast of Sumatra, are essentially silver mines 
with gold suboidinate, while the Tokok, Paleleh, and Bo- 
lang, in the Northein Celebes, again are dominantly gold 
yielding The mines m Sumatra represent the type com- 
monly found m Tertiary deposits and are characterized by 
the high grade of the ore There are thiee classes of veins 
in this instance (a) selenium-gold, (b) manganese-sUver, 
(c) sulphide-gold-silver All have proved profitable and, 
since an extensiv^e area is underlain by the same rocks and 
covered by dense tropical growth that restricts prospecting, 
It IS to be expected that more deposits will be found 

In general, the sulphide minerals, copper, lead, and' zme, 
have not as yet proved to be quantitatively important in 
these islands, though Brouwer mentions a number of locali- 
ties at which they occur Tin is important and from the 
three islands of Banka, Bilhton and Singkcp is mined an- 
nually an amount second only to that obtained in the Fed- 
erated Malay States 

1 Op Ut , p 116 
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For convenience the deposits of tin on the whole Malay 
Peninsula will be discussed here, including those of both the 
Fedeiated and Non-Federated Malay States as well as 
those of Singkep, Banka, and Billiton belonging to the Neth- 
erlands East Indies and of Siam There is little evidence 
that mineral deposits other than tin exist in Siam m such 
size as to warrant expectation of important contributions to 
the world's supply, and the tin ores from all these countries 
are of the same character A limited amount ot tungsten 
comes from the tin districts, but the mam output of tungsten 
comes from tarthei north m Burma Gold, too, is mined 
m a small way at a number of points from Siam south, but 
essentially the Malay Peninsula from end to end is a tin 
producing country As such it ranks first m the world and 
m 1925 furnished 60 percent of the world’s output The 
figures of production for the individual countries in this belt 
are as given below 

PRODUCTION OF TIN FROM MALA^tAi 
(for the Year J925) 


Federated Malay States 45)9^5 

Netherlands East Indies 32»749 

Siam 6,803 

Non-Federated Malay States 


The total, 87,976, corresponds, as indicated, to 60 per- 
cent of the world’s total for the year, 144,788 tons The 
region is of first importance not only by reason of the large 
output hut also of the high quality of the tin made from its 
ores 

An abundant technical hteratiue descriptive oT the 
geology, ore deposits, methods of working, and economics 
of pioduction in this region is available W R Jones, 
some time a member of the Geological Survey of the Fed- 
eiated Malay States, later a mine operatdr at Tavoy in 
Burma, and a lecogmzed specialist on tin and tungsten, has 
recently written on the “Tin Fields of the World “ “ He 
has bummanzed excellently the important features of the 
great tm-tungsten field extending from Burma to Sumatra, 

1 As compiled by Amcr Ilbrcnu of Metal Statiutics figures m tons of 3,240 !b 
Thfcna is tIso on excellent review embodied in tlic report on * Tin in 1925 by j W 
Fnme*^ iomnnB Paige's Gs S 3 of * Mmertl Resources o£ U b 10^5 pt i United 
StcLtOi Buyaau of MineJi, Washington^ zgjC 423 pages 

3 Mining PubhcntiouB, Ltd, Loudon, 1025 
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on the basis of wide personal acquaintance with the field as 
wel] as the literatuie For details as to particulai mines 
and districts, readers may be refened to his book and the 
special papers cited therein -v 

Geologically) the backbone or the Malay Peninsula is a 
range of granite which extends fiom Burma south The 
granite has been mtiuded into older Paleozoic rocks, origi- 
nally limestones, sandstones, and shales, which have been 
partly metamorphosed into marbles, quart/ites, slates, and 
schists The intrusion of the granite lesulted in the fault- 
ing, folding, and crushing of the sedimentary rocks, and 
was accompanied by the introduction of tin and tungsten 
in small veins m the upper part of the gianite and the adja- 
cent sedimentary rocks As already suggested, the veins 
aie dominantly filled with tungsten mineials to the north 
and with cassitente to the south The rocks have yielded 
to decay under the influence of moist tropical climate and 
theie has been extensive slumping of the material, especia]l> 
where sink-holes and solution-cups have been formed m the 
limestone In places there has been actual movement and 
redeposition of the tin in tine placers, but in general the 
deposits worked are detntal and the tin is essentially in 
place even where the deposits do not consist of merely 
the softened rock itself The aiea affected is extensive and 
mineralization has taken place on both sides of the moun- 
tain range, though most of the mining has been on the 
west side As to the area affected, Jones lemarks ^ 

^ “So extensive is the mineralization m, and near to, the granite 
that occupies a large part of the surface of the Peninsula that 
the author came to the conclusion, during tlie course of his 
geological work m tlie Malay Peninsula over a number of 
years, that it would be difficult to find my small stream, having 
Its source m the Mam Range, that did not contain in its bed a 
certain amount of tinstone In fact, the beds of practically all 
such streams have, at one time or another, been worked for 
tinstone ” 

According to J W Fuiness^ in 1925, there were 44 
bucket dredges and 8 suction-cutter dredges m operation, 
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mining 20 percent of the entire production Gravel pump- 
ing accounted for 27 percent, hydraulicking ri percent, 
open cut 4 percent, ground sluicing 18 percent and fossick- 
ing 6 percent Lode mmn^ yielded only 6 percent 

The tm is mined almost entirely from open pits, and of 
recent years an increasing proportion has been won by 
dredging One of the largest individual producers, how- 
ever, IS the Pahang Consolidated which is mining a number 
of lodes varying from a few inches to 10 feet m thickness, 
and whose workings now extend to 2,n8 feet in depth In 
the year ending July 31, 1926, this mine produced 198,800 
tons of ore from which 2,536 tons of concentrate was made 
While no other lodes of corresponding importance have as 
yet been opened in depth, the experience of this company 
suggests that even after the placer ground shall have been 
exhausted an important though smaller amount of tin may 
continue to come from this region No careful survey of 
reserves has been made except in the Netherlands East 
Indies, where a committee has reported that the proved 
areas on the Island of Billiton are sufficient to insure a con- 
tinuance of the present output of 7,000 to 8,000 tons per 
annum for 10 years only The ore reserves of Banka were 
estimated as of 1925 to contain 206,800 tons of possible 
and probable metallic tin,^ taking the concentrate at 70 
percent m content and reducing piculs to long tons» The 
actual reserve was placed at 160,963 tons of ore and the 
probable at 134,519 Some tin is now being produced from 
Sumatra ^ 

Jones, commenting on the Billiton estimate, makes the 
statement,® ‘‘that ten to twelve years hence the bulk of the 
rich secondary deposits of the Dutch East Indies, of Ma- 
laya, of Siam, and ot Lower Burma, will have been ex- 
hausted Whether or not the time will prove to be as 
short as he antiapates (and it is to be remembered that 
there remain virtually unprospected extensive areas east of 
the mountains m which some tm has been found), it is true 
that placer deposits are characteristically short-lived In 
the long run it will be the lode mining districts that will 
supply the tin of the world 

1 Bangkatltawinwiiiff, Vmlair Over Ilct E^tploitatiejaai* 1924, ipaSi p 6 

2 ut , p, 



CHAPTER VII 


NON-METALLTC RESOURCES 

The minerals belonging to this group are those of indus- 
trial use which are mined essentially for other purposes than 
their metal content They form the law materials for 
numerous industries and they are often essential to the con- 
duct of entei prises of large importance, though not enter- 
ing into the pioduct itself, as m the case of infusorial eaith 
which 19 used for filtering oil and chemical solutions Coal, 
petroleum and sulphur are all non-metallic, but because of 
their major impoitance they have been discussed separately 

Fortunately, the non-metallic minerals are much more 
abundant and widely distributed than the metals, and a coun- 
try deficient m the latter may well have an abundant supply 
of the more common raw materials suitable for industries 
of a different type It is also true that many of the non- 
metallic minerals^ using that term in the industrial sense, 
contain metals, and under proper conditions these can be 
reduced and substituted for others commonly used else- 
where but locally deficient A common illustration is that 
of aluminum, which occurs widely distributed as a chemical 
con^ituent of clays and is produced commercially from 
bauxites For some few purposes aluminum and its alloys 
can be substituted for steel, but for most of them it is use- 
less Unfortunately, it costs about ten times as much to 
make aluminum even from bauxite, a relatively scarce min- 
eral, as to produce steel even from low-grade iron oies* The 
amount of energy necessary to make the conversion is 
greater and there are no satisfactory reasons for antici- 
pating that aluminum will ever be really cheap as compared 
with steel To make it commercially from clay has heieto- 
fore proved impracticable though the chemistry of the proc- 
ess has been worked out Our present knowledge, therefore, 
does not warrant any cheerful assumption that shortage of 

165 
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steel will be made good as a matter ot course by production 
of aluminum fiom clays 

The same applies to many other suggested substitutions, 
all or nearly all of which fad because ot the unsatisfactory 
character oi the high cost'll the substitutes Use of alloy 
steels in place ot ordinaiy caibon steel leduces the amount 
needed but at a cost that so tar has pioved prohibitive 
save tor special uses, as in the manufacture ot motor cais 
Willie the Far East, especially China with its large coal 
resources, will be able in some degree to make good by 
substitution tor its deficiency in metals, in geneial it seems 
probable that here as elsewdiere the usual rule wdl hold 
good, It will piove more satisfactory to pay tor transporta- 
tion from the point of cheapest production than to attempt 
to manutactuie from poor and scattered materials or to 
substitute others entirely 

The number and variety of the non-metallic minerals is so 
great and they are used in so many ways that no classifica- 
tion IS entirelv satisfactoiw For present purposes they 
may conveniently be discussed under the following headings 
(a) Building Materials, (b) Industrial and Chemical Raw 
Materials, (c) Feitih7er Minerals, (d) Salt, (e) Gems 
and Ornamental Stones 

Building Mafeiials As has already been suggested, those 
countries still having adequate supplies of wood — Nether- 
lands East Indies, Malaya, Siam, Philippines, Siberia and 
Japan — employ it freely in construction of buildings japan 
has begun to feel the pinch and has turned largely and most 
intelligently to forestry to make good the supply Wood, 
too, IS supplemented by paper and plaster m cheaper con- 
struction and brick, stone, and tile are more and more being 
used Tile has long been a favorite material for roofing 
m Japan ^ though the old Imperial palace at Kyoto is 
thatched with narrow strips of wood carefully built up to a 
thick covering In the othei countries mentioned brick, 
stone, and plaster have long been used for more important 

1 Par a ffencrAl Bunmiair of the non metallic rmnorals of Japan, Me Y Otriloufe, 
W loa 107, in '*Thft Geology and Mineral Reteouteca of the. Japans Empire," Imp 
GeoL Sunr, Japan* Tokyo, rpao 
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buildings and are coming into wider and wider use undei 
modern conditions 

In China, the supply of wood has long been too limited 
for free use in building The^atcnal commonly used is 
brick with tile [or loofs St<^e is widely used, m fact 
wherever available, even foi exceptional purposes Talifu 
marble, an ornamental \aircty, is used as panels in the backs 
of chairs Elaboiately caived limestone may even be seen 
cut to slide in grooves in other limestone blocks so as to 
form valves tor the control of ditch ^^aters Such an in- 
stance as the latter illustrates the geneial poverty of the 
country in wood and non 

The brick commonly used in China is solt burned In 
fact, it is ordinarily dark in color having been burned en- 
tirely in a reducing atmosphere at low tempeiatuie Much 
of It IS made from loess in field kilns IniMiig mud walls, 
straw roofs and wooden grate birs piotccted hy clay The 
kiln IS filed wnth field letuse, straw and brush, end only 
rarely with coal Such brick is weak and even with thick 
walls it IS necessary and customary to support the heavy 
tile root on a wooden framework corresponding in purpose 
to the structural steel used in \mcrican city buildings Tn 
parts of the country, and in cheaper construction, the brick 
IS not even burned but is sun-diied, and adobe structures 
with thatched roofs are common Diit, brick, tile, and 
stone floors are common, though where lumbci is a\ailable 
it is used As IS well known, oiled papei is commonly usc<j 
for loosing windows, the wind pressure being taken cart of 
by means of artistic and ingenious wmoden lattices that add 
much to the attractiveness ot a Chinese house As indicat- 
ing the general absence of iron it may be mentioned that 
m the villages the doors commonly swung on wooden cornei 
pivots 

The scant use of hard-burned brick, of good moitai, and 
of glass IS diiectlv due to poor distribution of coal The 
materials are all available in the country and the Chinese 
have long known their use Where coal is available, excel- 
lent brick IS made at remarkably low’ cost, the industi7 being 
one well adapted to Chinese labor Modern brick \aids are 
springing up everywhere and in Japan and the chiet cities 
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of China good red brick is coming to be widely used 

The ordinary mortar of the Far East is old-fashioned 
lime moitar made from local materials Lime-burning is 
practiced in all ot the countries and calls for no especial 
remark The necessary lO'lk is nowhere absent over large 
areas Gypsum plasters are coming into use W H 
Wong ^ estimates that ^0,000 tons ot gypsum are now mined 
annually m China, mainly in Hupeh and Hunan Much 
of this IS used as a retarder m the manufacture of cement, 
but It also finds use as a plaster and m the fertilizer trade 
Gypsum is also found in Japan, the Philippine Islands, and 
elsewhere and gypsum mining is one of the industries that 
may be expected to increase 

Cement manufacture is one of the newer and growing 
industries ot the Far East There, as elsewhere in the 
world, the tendency to substitute high-temperature cement 
for poorer building materials is to be observed In view 
of the general poverty of these countries in steel-making 
materials, it is to be anticipated that cement will come into 
wider and wider use and that with the progress of industry 
m the Far Eastern countries the people will come to depend 
upon cement moie and more Foitunately, the constituent 
materials, limestone and shale or clay, are widely distributed 
and their quality has already been proved There are large 
modern plants in Japan, China, and Hongkong and less 
well-established industries elsewhere, as in the Philippines 

In China, cement manufacture began before the close 
of the last centuiy when what is now known as the Chce 
Hsm Cement Works was founded At present, there are 
nine companies listed in the China Year Book,^ as below 

Loi aixon Capacity 


Chee Hsin Cement Co 

Tongshan 

4,750,000 

bbl 

yearly 

Hupeh Cement M^orks 

Tayeh 

360,000 

(( 


Canton Cement Co 

Onoda Cement Co 

Canton 

Dairen and Paotzeni, 

200 

(( 

daily 

Green Island Cement Co 

Manchuria 

Hongkong, Kowloon, 

200,000 

(t 

yearly 

Shantung Cement Co 

and Macao 

100,000 

« 

It 

Tsingtao 

300 

(( 

daily 

Shanghai Cement Co 

Lunghwa 

i,aoo 

n 

tf 

China Cement Co 

Luntan 

500 

it 

u 

Haj Hu Cement Co 

1 Chiiu Year Book, 1035 p 

S Edition xpas, p S19 

Wusih 

140 

1,000 

(( 

u 
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The amount exported in 1923 was of a value of oyer 
$1,500,000 gold but the larger part is used within the coun- 
try Julian Arnold has pointed out that pei capita con- 
sumption of cement in China n^w amounts to 3 pounds per 
annum as compared with 85 pounds m Japan and 450 
pounds m the United States, showing laigc room for further 
expansion Common coals of the Far East, being of high 
volatile type and burning with a long flame, ai e well adapted 
for use m cement kilns and the processes of manufacture 
are now well understood and standardi7ed Just how far 
the usual methods of manufactuie are to be superseded by 
those involved m making the new quick-setting alumina 
cements, is uncertain in Europe and the United States, but 
in the Orient where first cost is more important and time 
much less a matter of concern, the ordinary cements may 
be expected to find place for themselves for a long, if not 
an indefinite time 

Stone for building is widely distiibuted and slate for 
roofing IS known and is worked in Japan especially The 
preference of the people tor tiles, their skill in making them, 
and the abundance of material for their manufacture, all 
point however to the probability that they will be most used 
as roofing material in the future as in the past 

Sand, gravel, and lock for crushing aie widely available 
save on the great plain of China, where in building the 
Tientsin-Pukow railway line it was necessary to burn and 
crush brick m order to obtain a suitable material for ballast 
In constructing a system of modern roads through the area, 
which seems to be the next great task before the engineers 
of the country, the same material could be used, though it 
would probably be better and cheaper to haul in crushed 
rock from the surrounding mountains As already indi- 
cated, most of China and Japan is mountainous and there- 
fore rock for crushing is widely available In Indo-Chma 
the wide plains on which most of the cultivation takes place 
are underlain by graxels, from which the French engineers 
have made excellent roads In the Philippines, the Ameri- 
can engineers found no lack of road material and m the 
Malayan countries the roads made by the British and Dutch 
are famous In those countries latentic deposits are wide- 
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spread and foim an excellent material for surfacing, since 
the tiiffic IS light Bituminous rock is found in Japan, the 
Philippines, and in a fen localities in China, and where 
available can be used to f d\ antage The difficulties in 
building modern highways “fn the Far East arise from other 
sources than lack of material 

IndiiUual and Chemical Razv Minerals This group in- 
cludes a wide variety of minerals finding many uses, usually 
in small amounts Abiasives, for example, are of many 
kinds and used for many pui poses Those suitable for 
oidiHcary use aie not lacking in the Far East Millstones, 
giindstones, garnet sands, pumice and diatomaceous earth 
aie widely distributed Volcanic ash is found in the vaiious 
districts whei e volcanoes are or have been active No 
peculiar supply of any abrasive such as might contribute 
importantly to world trade is, however, known 

Refractories, such as dolomite and magnesite, are known 
in various countries and have been used m China The 
bauxites of the Malay peninsula may come into use as re- 
fractories and at several points in China and Japan, fire- 
brick IS made from the clays found associated with the coals 
Graphite has been mined in Japan and Korea In early 
years the Koiean pioduction was of the amorphous variety, 
but during the War an output of flake graphite was de- 
veloped and shipped to Japan The amorphous giaphite 
mined is used largely for foundry facings The total pro- 
duction of giaphite in Japan, according to the handbook 
of the Japanese Mine Owners Association, has been as 
below 



Pounds 

Value \n Yen 

rg2o 

24,908,625 

300,047 

1921 

16,026,692 

208,902 

1922 

334 r 9 »i 9 t 

295,760 

1923 

3^697,513 

258,215 

1924 

33,209,108 

277,14^ 


Asbestos IS reported from many points in China and 
Japan and from the Philippines ^ but is not as yet an im- 
portant article of trade Mica is piesent but not yet devel- 
oped Talc, ocher, and other materials used for fillers, pig- 

iW D Smith, op clt,> p 
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ments, and glazes have been carefully sought out in China 
and Japan and long used These industries aie well under- 
stood, paper-making and pottery manufacture being ancient 
arts, and local supplies have so far proved ample for all 
demands i 

Clays for the manufacture of pottery, ehinawarc, and 
porcelain ate found at many points The veiy names 
^^kaolin’’ and ^^china” clay come to us from the East There 
IS an abundant literature descriptive of the ceiamic products 
of China, Japan, and the other Eastern countiies which it 
would be aside fiom present pm poses to review, though in 
view of the artistic skill of the workers and the high tradi- 
tions of the art ceramic products may be expected to con- 
stitute an important group among the exports of the Far 
East 

Fcitihzer Minerals The Eastern countries, with their 
long history of continued occupation of the same land, and 
the devotion of their people to agriculture, have had occa- 
sion to study closely problems of sod fertilization Wide 
use IS made of manures and other organic materials, but so 
far no large supply of mineral fertilizer has been found 
nor are large importations common Discoveiy of de- 
posits of potash, nitiates, and phosphate rocks would be of 
the greatest possible benefit to the peoples of the various 
countries, not onlv m that the use of the concentrated 
mineral fertilizers would decrease the amount of hard and 
disagreeable labor now necessary, but it would then be pos- 
sible to raise fruits and \egetables free from pollution and 
so improve the general health of the country 

Phosphate rock is easily overlooked It has happened 
repeatedly that large areas of valuable rock, e\en within 
the limits of producing districts, have been passed by foi 
years by experienced geologists and engineers It is accord- 
ingly possible that in the great areas of older limestone, 
such as occur in China in particular, considerable bodies of 
phosphate rock remain undiscovered The importance of 
the matter has been kept fully in mind by the geologists of 
the various countries, and the staff of the Geological Sui- 
yey of China has systematically tested all limestones col- 
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lected in the course of other work, but so far without suc- 
cess In Japan, phosphate is found in the Tertiary forma- 
tions of Hyuga, Uzen, Ugo and other provinces The con- 
tent of phosphoric acid is small, lo to 20 per cent 

At present, the chief source of phosphate is from the 
Pacific islands of which Naru, under Biitish management, 
produces about 150,000 tons per year From Makatea, 
the French ship 30,000 to 40,000 tons Anguar is con- 
trolled by the Japanese and Daito and Rasa are under 
Japanese mandate The last is now the most productive, the 
deposits being reported to be as much as 20 meters thick ^ 
The total Japanese production of phosphate rock m 
recent years, as given by the Japanese Mine Owners Asso- 
ciation handbook, has been as below 



Mctrtc Tons 

Valus \n Vcn 

1920 

97»340 

3 880,619 

1921 

32,001 

846,239 

1922 

12,320 

236,051 

1913 

33^07 

612,152 

1924 

85,617 

621,660 


Pratus island, near Hongkong, is reported to contain 
phosphate and belongs to China It has not been developed 
Guano IS collected from various islands along the west coast 
of Siam and tlie Malay States and from caves in the Phdip- 
pines ^ Tuffs and limestones enriched by guano are also 
reported near Dumarao C C Liu has described ” a 
deposit of apatite replacing limestone in the older rocks 
near Tunghai The high-grade rock contains 49 percent 
phosphate or more The commercial grade is reported to 
run 33 percent Up to the time of Liu’s visit in 1919, 6,000 
tons had been produced and 2,000 tons shipped 

Neither potash nor the nitrates have been found m quan- 
tity m any of the Far Eastern countries though common 
salt IS widespread and has been much studied and W H 
Wong mentions a number of salt lakes in Mongolia * in 
which natural soda is abundant It is possible that in the 
interior of Asia or at depths m the areas here discussed 

lY Olniouye, op cit , p to? 

2 W n Smith, op cxe, p 384 

The Apatite Deposits of Tung Hal Haien, Klang^u Bpll GcPl Sutv China, 
No 4* Oct , 1933, pp I a 

4 Chltjtt Year BooV, ipaj, p 140 
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supplies of these materials may be found Exploration 
conducted elsewhere during and since the war has shown 
that potash is more widespread than previously supposed 
and new sources of supply ase being developed both in 
Europe and the United States As to nitrates, the world is 
turning to artificial products and there is opportunity for 
their manufacture in the Far East Sulphate of ammonia 
IS already made as a by-product from coking in Japan The 
eastern countries do not have that abundance of cheap 
water power that warrants its use in making nitrates but 
the newer processes which depend upon burning coal aie 
applicable especially where, as in China, coal is abundant 

Salt Salt seems to be the one mineral that men must 
have and m every country its production is an ancient in- 
dustry In China, salt production is a government monop- 
oly and by international agreement the collection of the 
revenue is under foreign supervision The standard rate is 
$2 50 per picul and the total revenue for 1924 amounted 
to $81,433,354^ The salt in Szechuan and Yunnan is 
derived from brines obtained from springs and deep 
wells The drilling of those in Szechuan constitute a distinct 
achievement in the ancient mining art of China The salt 
made in the coastal provinces comes from evaporation of 
sea water Salt is produced m all the other countries to 
meet local needs, being derived by evaporation from sea 
water or brines 

G^ms and Ornamental Stones Eastern people are very 
appreciative of beauty m the precious and scmi-precious 
stones and use many of them The gieat sources of supply 
are Ceylon and Burma but minor quantities are found m 
various other countries, and China and Japan are both 
countries m which gems are extensively cut and carv^ed 
Diamonds are produced in Borneo and small diamonds are 
found m Shantung Amber is, to a limited extent, found m 
Japan as also the ruby, sapphire, beryl and topaz Most 
of the amber cut and sold in the East comes from imported 
crude stock. Jade, a stone most widely appreciated, is 
mainly cut in China, though the crude rock comes from the 

xChinji Year Botde. 1935, p 77 ^ 
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Northern Shan States in Buima Sapphires are exported 
from Siam Quartz in its various forms is mined and cut 
m various countries The Eastern people seem on the whole 
to be more likely to be buyers rather than sellers of the 
precious stones, though th^ir exquisite craftsmanship may 
well lead to development ot a large cutting industry and 
trade in such materials 



CHAPTER VIII 

CONDITIONS AFrCCJING MINERAL DEVLTOPMFNT 
IN THE FAR EASl 

In the preceding chapters of this book the available data 
have been summari/cd which bear upon the character and 
occurrence in the Far East of those mineral deposits that 
are required if the ancient civilization of the Orient is to 
be transformed into the type of industrial civilization domi- 
nant m the West It has been shown that with minor ex- 
ceptions, such as tin, tungsten, antimony and cciamic prod- 
ucts, the rmnerals are not present in such quantities and 
situation as warrants expectation that they will contiibute 
heavily to world trade In genet al, the Far Fastein coun- 
tries will need to import, rather than be able to export, 
metals and minerals if its peoples evTr approximate the per 
capita consumption of these matenals obtaining in the 
United States and the leading countries of Europe There 
remain to be considered certain facts as to distnbution and 
as to the habit of mind of the peoples that must be taken 
into^account in any attempt to estimate the future develop- 
ment of the mineral lesouices of the countries concerned 
and to evaluate its rate In discussing them, China will 
again be taken as the leading example since the Chinese are 
the most numerous of the peoples of the East and have the 
longest histone records on which to base judgment There 
are important differences m the various peoples, but theie 
IS also a psychology of the East which the Chinese have 
and which dominates the enthe area 

In studying the possible development of mmmg and 
metallurgical industries m any region, it is necessary to 
determine the resources not only in matenal but in men and 
raoTl^y 
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As to men, there is no lack of labor force in any Eastern 
country, even after discounting heavily, as any student must, 
the stones of overpopulation based upon data collected in 
the moie accessible regions Snd countries It is out of the 
question to obtain any enti/ely reliable figures of population 
and even those of area are but approximations, but the 
following will give a notion of the order of importance of 
the various Far Eastern countries as regards both 


AREA AND POPULATION OF FAR EASTERN COUNTRIES 1 



4rca 

Popu/atw)i 

DcMty 


(SijHare 

(Thoujand^) 

(S'attare Mtlf) 

China 


427,679 

100 0 

Br India 

1,091,056 

347,003 

226 4 

N E Indies 

733 ^ 6+3 

49,3$i 

67 3 

Indo China 

'*741457 

19,748 

72 0 

Siara 

200,148 

9.410 

470 

Japan 

149,793 

55.963 

373 6 

Philippine Ids 

115,026 

10,314 

89 7 

Korea 

85,227 

17,264 

203 6 

Taiwan 

131839 

3,654 

364 0 

Tot At 

M 4 L 539 

840,386 

Average i3i 0 


Abundance of “raw matenaP' does not assure a satis- 
factory output whether one be discussing actual goods or 
labor If all the men are now engaged m industry and 
cannot be shifted, there is clearly no available labor re- 
gardless of population figures A surplus of brokers m 
New York is not a present help to the Kansas faimer when 
he faces a shortage of field hands, and as to the Far East 
It IS not always remembered that the people now therff are 
at work, or at least in most of the countnes under discus- 
sion if they were not at work they would not be there long 
Also they are working under an organized system which 
in many instances is close-knit both with economic needs 
and religious ideas Amencans will not soon forget the 
widespread economic and social disturbances bi ought about 
by the war-time necessity of shifting labor to man the ship 
yards, and American laboi is not only vastly more mobile 
than 18 that of the Orient, but m this instance there was 
no such break with tiaditions and built-up economic relations 

1 Soqrct Taiwan from Statcfiman** Year Book, ipa4 All othcra from Statistical 
Abstract of United States, 19J4 
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making for future security as is involved when an Indian 
ryot breaks caste and becomes a coal miner or a Chinese 
farmer neglects his planting in older that an American 
mine may be operated the yeai around In the East there 
IS an abundance of labor to bej had on the terms of the 
laborers, but a scarcity upon such teims as are necessary to 
sustain large-scale industrhal undertakings It is not solely 
a matter of wages It means a readjustment, or rather a 
remaking, of a whole social structure, except in so far as 
the newer industries may be fitted into the older For woik 
which may be treated as an avocation there are willing 
workers, but it the mattei must be tieated seriously as a 
vocation, difficulties multiply 

The limit on coal supply in India in wai years was not 
due to any inability to find coal or to open collieries, but to 
scarcity of steady woikers Coal mining not having been a 
large industiy in India, there is no caste or large group of 
workers accustomed to it or willing to enter the vocation 
Change of occupation in such a country is a much more 
serious mattci than with us Again, at the Bawdwin mine 
in the Northern Shan States, where a large proportion of 
the workmen is drawn from within China, the labor force 
melts away when the rains come and the planting season 
begins Within two weeks it has decreased at times trom 
14,000 to 9,000 in numbers despite anything the company 
could do Under such conditions there is, aside from the 
inconvenience, a heavy charge due to cost of arranging foi 
work on a seasonal basis 

In China, when the winter season comes, the farmers 
crowd into the cities and towns and seek employment as 
coolies, but if an employer has transport to arrange m 
the crop-growmg season he is likely to find carts and coolies 
fully employed and they will continue their regular w^ork 
even at prices much below what he may be tempted to offer, 
since to fail to do so means that they get out of step with 
the economic and social unit of which each forms a part 
Temporary employment is not worth that much to them 
The building up of a qotton-spmning industry along the 
lower Yangtze upset the whole balance of mdustiy m that 
region and m many of the small country villages the mis- 
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sionanes reported great distress because bread-winners 
had been taken from the farms and no substitution effected 
Much has been made of the crowded condition of Japan, 
of the increasing population^ound, as by a steel ring, to an 
unexpandmg area of arable land, and Japan has gone far- 
ther than any other Eastern country along the road from 
household industries to a factory system of production The 
manufacturing industries of Japan have been growing at a 
startling rate, and yet the total achievement is small as 
compared with total population, if measured by standards 
in western countries Even so, to furnish labor for the 
plants already built it was necessary to recruit heavily m 
Korea Similarly, despite the free hand that Japan has had 
m Korea, the dominant position enjoyed for some years in 
Manchuria, and this necessity for outlet of which so much 
has been said and which is undoubtedly felt to be real bv the 
Japanese, after ten years there were estimated to have been 
less than 300,000 Japanese in Korea and Manchuria all 
told I would not like to vouch for the accuracy of the 
particular figures but it is safe to assert that the number was 
small Recent estimates place the number of Japanese in 
Manchuiia, after nearly a quartei of a century ot free 
hand, at 170,000 Even an intelligent, active, and well- 
organized people such as the Japanese, faced by a real 
necessity, change their habits and vocations slowly 

This reenforces the observation that in planning for new 
industries in the Fat East one must not assume that large 
or even dense population means abundant available fabor 
Undoubtedly men and women workers may be had, but re- 
cruiting and training them will involve not only direct ex- 
pense but the further charge due to delay It indicates 
that m this as in other ways, a large item ot cost must be 
included in the estimates if it is considered necessary to try 
to hustle the East 

There is a further factor to be taken into account wher- 
ever Buddhism has made a deep imprint, as for example 
m Siam and Burma Buddhism by its insistence on the 
transitory nature of all things, diminishes incentive to accu- 
mulation, and the desire to accumulate has been one of the 
most powerful factors in budding up the material surplus 
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of the West The religion of Buddha, where taught even in 
a form far from the puiity of the essential doctiines, pro- 
duces charming people of most admiiable qualities, but 
people poorly equipped to mc^intain themselves under the 
harsh conditions of a fiercely competitive world They make 
fine neighbors and friends, but for purposes of modern in- 
dustry these populations all but fail to exist It is not that 
they are incapable of intelligent effort, they do not believe 
m accumulation While m the Burma oil fields it is tiue 
that native workers have been trained to do all the woik 
inside the iig, it is hard to keep a steady force Unless 
some way be found to reconcile their beliefs and ideals to 
those of our own, they will be neaily as useless to mine 
operators as a population of Quakers would be to a militaiy 
chieftain 

Still another factor, one which is of increasing importance 
as one travels fiom Noith to South, is the prevalence of 
disease and the extent to which the w^orkers’ vitality has been 
sapped by malaria, hook-worm, and othei paiasitic diseases 
The actual loss of earning power heic runs into millions, 
and this is aside from losses due to deaths and to sporadic 
epidemics of various sorts It is known that to a large 
degree such matters can be controlled, even m the tropics, 
if suflScient time, energy and skill be devoted to them The 
demonstrations, however, have been made where public In- 
terests were involved and cost was at least a secondary 
consideration Just how far an individual company can 
afford to go m a similar health and sanitation campaign has 
not, so far as I know, been made the subject of caieful in- 
quiry, and this must be done if mining is to be conducted on 
a large scale in the tropics either m the Far East or else- 
where In the past, the mineral won from tiopical coun- 
tries has in the mam been mined under labor systems where 
loss of life by the workers was regarded as of minor im- 
portance This IS now as impossible as it is undesirable, 
and the whole topic of labor efficiencies m the tropics is one 
which might well form the subject of careful investigation 
Carl Crow, m discussing Nation of Invalids,’* ^ has 
given a picture of the problem as it existed In the Philip- 

1 Ciiatrtfrr VLTl, '^AtHfirica find the PbHippmea,** New York, 10x4 
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pines when the Americans entered that country, and there 
are numerous individual studies What is needed is careful 
summation and discriminating ciiticism of the data avail- 
able Chinese laborers seem to have built up considerable 
immunity to many disease* just as Chinese plants have, and 
Chinese are widely available in the East American rubber 
companies in the Malay States arc fighting mosquitoes and 
fevers along the lines of Canal Zone experience But such 
work IS expensive and constitutes a real charge against de- 
velopment and operation Nicholas Roosevelt has recently 
pointed out the importance of this matter m considering 
the future of the Philippine Islands ^ 

One or two contrary tendencies need mentioning* From 
time immemorial great armies have been recruited in the 
Far Eastern countries, and to-day the plague of China is 
the niimbei of men gathered into the service of various 
military dictatois These men serve for small pay and by 
no means always get even the wages promised To gather 
a few hundred thousand workers for industry would seem 
a relatively simple problem In practice, it has not proved 
so To a considerable extent the armies of China have 
been recruited from the ranks of the bandits, and banditry 
IS m many parts of the country a seasonal occupation that 
dovetails nicely into farming When crops are bad a term 
of service as a soldier helps to make good the deficiency m 
income All-year service as soldiers for large numbers of 
men is a relatively new phenomenon The methods of re- 
cruitment and of holding men m a regulai army can lyardly 
be applied wholesale in industry, and effective work in in- 
dustry is only possible with a contented and willing force 
Life in a Chinese army, while by no means a perpetual 
picnic, does carry with it the chance for excitement and 
loot and appeals to the deep ingrained gambling instinct of 
the men more than would the regular grind of factory or 
mine work 

However, it is not here suggested that it would be im- 
possible to recruit a capable force of miners, merely that 
It would involve much difficulty and expense and would 
require a material remaking of the soaal structure of the 

1 **The rhiUpplnea/' NicUolaa Roop^velt, p 313, 
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people Miners constitute approximatelv one percent of 
the population of the United States Allowing for the 
difference in efficiency, and in good Chinese coal mining it 
requires eight men to do the work of one American miner 
while in ordinary mines it takes half again as many, it 
would be necessary to recruit for mining alone many times 
the total number of men now in all the Chinese armies to 
permit any such wholesale change in consumption of fuel as 
will be necessary to modernize the Far East 

Another and a new factor m the situation is the quick 
rise of the power of labor unions and their current use for 
political purposes This came as a surprise to many familiar 
with the East The strength of the family bond has been 
so long the most powerful social tie in the Orient and in- 
dustrial organization has rested so firmly on the guild, that 
modern labor unions have been thought unlikely to get a 
foothold Despite the headlines now common m oui news- 
papers featuring strikes in China, it is far from certain that 
labor unions, such as we know them in the West, are or 
will be strong m the East It has long been characteristic 
of China, at least, that public opinion has been powerful 
and passive resistance is no new device for effecting political 
changes Opinion has been organized through families and 
guilds These aie apt to be related since family villages 
and vdlage industries go together The economic margin 
for the individual m China has been so nariow that each 
has had to conform to the decisions of his family council, 
and^t may well be that the leading families are back of the 
demands so-called labor unions have recently enforced in 
various communities It may be that with growth of in- 
dustry and improvement m communications the family tie is 
weakening m China as elsewhere, and new bonds may be in 
process of being forged, but the present social structure in 
China has grown out of and is best adapted to agricultural 
and household industries To change the industrial output 
of the country will require proportionate change m the 
habits and life of its people 

Turning now to the nlatter of capital, it may be premised 
that this discussion is based upon the hypothesis that Amer- 
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ica nov, has and Europe will in time have a surplus which 
may be wisely invested abroad The monev now available 
IS private capital No one would be lustified in the present 
condition ot knowledge and experience m appealing to the 
general public for subscription to mining enterpuses in the 
East Neither can trust funds be so employed nor is bank- 
ing capital available except tempoianly and when secured 
by paper of independent value This narrows the field 
materially, but still leaves available the money of individuals 
and mining companies who aie thoroughly familiar with the 
risks of the industry itself and who have a sufficient stake in 
mining to warrant the expenditure of time and money neces- 
sary to obtain knowledge of the special field This can be 
done most cheaply by cooperation since, having in view the 
distances and the inevitable delays incident to any work in 
the Far East, the expense of sending out an independent 
staff of examining engineers by each company for each 
project submitted, is prohibitive Unfortunately, there is 
not, outside Malaya and Japan, any large existing body of 
knowledge of local mining Nor, aside from those coun- 
tries, 13 there any considerable body of resident engineers 
available for making examinations who are competent, free 
from entangling alliances, and well enough known abroad 
to give the necessary weight to their opinions The amount 
of independent business in the East has been small and the 
first class men out there are necessarily committed in the 
mam to some group or enterprise Where they are not, the 
very yeais of residence in the East necessaiy to give them 
an intimate view has cut them off from cultivating acquaint- 
ance at home and, it must be added, from close contact with 
the necessities of a company or group at home which pro- 
poses to finance or operate in the East 

While there are exceptions, the history of American at- 
tempts to find mines m the Far East has been one long 
senes of expensive expeditions to examine particular proper- 
ties, most of which, for one reason or anothei proved un- 
suitable It is highly desirable that, as rapidly as circum- 
stances permit, there should grow up in the various countries 
concerned groups of engineers and local financiers who will 
select from the mass of prospects those which seem worthy 
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and make the investigation leading to undertaking develop- 
ment, necessary to piepaie them for piesentation to capi- 
talists of experience in Ameiica and Europe At present 
theie are virtually no such gidups, and properties are pre- 
sented with a lack of data or ev^n with a confusing mass ot 
inaccurate data There is here a gap between the large 
mining company 01 investor on the one hand and the pros- 
pectoi 01 land owner on the other which exists to some 
extent in all countries In the Far East it is even more 
apparent because there is no body of local opinion familial 
with the standards set by mining practice m the West 
Pei haps the gap cannot be bridged sa\e by cooperation 
between East and West in financing small as well as large 
enterprises 

Aside from foreign capital there are always the inter- 
esting possibilities inherent in the fact that the Eastern 
countries, while poor in goods and material evidences ot 
wealth, have laige reserves of gold and silver Eastern 
purchases of the two noble metals have long been great 
factors in fixing demand for them Unfortunately, the 
metals shipped to the Far East go out of circulation Either 
they are buried or, m the form ot ornaments, they arc woin 
by the women of the family The amount that is made up 
into jewelry is so large that it is no wonder that running 
away with another man’s wife is a serious offense m the 
East One banker in Peking over a period of two months 
m 1920, traced $i<;,000,000 worth of silver into one 
ChiQpse province and an outflow through the same period 
of less than $3,000,000 Another pro\ince m ten years 
absorbed over $1^^0,000,000 and exported only a minoi 
fraction of that amount This silver does not, to any large 
degree, enter trade nor is any credit structure built upon 
it This IS a condition general m the Far East One of 
the most striking and significant features of the building 
and growth of the Tata Iron and Steel works in India was 
the fact that it was financed by the Indians For almost 
the first time a large native constituency was brought to- 
gether which saw that investing money in industrj^ is not 
sacrificing it, that capital is valuable tor use as well as 
possession If Eastern peoples can he brought generally 
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to a realization of this fact^ the East is abundantly able to 
finance its oM^n development 

For many years it has been customary for economists and 
supposed economists periodically to harrow the feelings and 
destroy all sense of security among western manufacturers 
by dilating upon the “teeming millions of the East’’ who, 
with their low standard of living were just about to cut the 
ground out from under Western industries This basic 
theme has been occasionally elaborated by reference to the 
tact that even the small daily wage demanded by the Ori- 
ental laboier is paid m silver and not in gold Fine-sound- 
mg warnings that we should have a care lest “the yellow 
man with the white dollar beat the white man with the 
yellow dollar” have reverberated through space Much, 
indeed of the “yellow peril” talk that has produced so much 
international discord is based upon the idea that Oriental 
labor, because wages are low, is cheap, and that it consti- 
tutes a dangei to the industrial security of the Western 
workers Mining men, being accustomed to woik m many 
countries with many sorts of labor, have long since learned 
that low-pticed laboi is not necessanlv cheap As to mines, 
at least, other conditions are usually more important than 
the nominal rate of wages, and workmen who receive small 
pay are generally worth no more than they are paid 

While individuals of the various races may measure up to 
the highest standards of labor efficiency, it is rarely possible 
to recruit a whole working force m the countries low 
wages equal in producing capacity to the same number of 
workers recimited in the countries of higher wages and 
better woiking conditions When the cost of extra super- 
vision, extra housing, larger plant, slower speed, and other 
factors which go with “cheap” labor is taken into account, 
the gam is usually much less than appeared probable when 
the original estimates vere made There are many reasons 
for this, and not the least important is the deterioration 
that white labor itself undergoes when m contact with the 
colored Standards of efficiency go down rapidly and a 
feehng of caste promptly springs up which prevents the 
■^yhite man from domg the work to which he is accustomed 
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at home Even the crudest mechanic assumes the position 
of a boss and requires a native to do all the hard work 
Since the white men as officers and supcrvisois set the pace 
for all, the final effect of this*spirit is reflected in the cost 
sheet Japanese have found that the same lule obtains in 
Korea, where at first Japanese and Koreans were employed 
side by side The Japanese woikmen promptly assumed the 
position of superiors and attempted to make the Koreans 
do all the work As a result mixing labor is now discouraged 
there, and the railways are even displacing Japanese fore- 
men by trained Koreans 

It 19 also to be remembered that with each set of work- 
men a certain rate of speed will be most economical It is 
entirely possible that with Chinese this may be less than 
with Ameiican workmen, and accordingly a higher capital 
cost for equipment must be faced There is some re.ison to 
believe this is so Properly organized, trained and directed, 
however, Asiatic labor is capable of giving good results, as 
witness the operating costs at the Suan mine of the Seoul 
Mining Co , $39? per ton and those of the Oriental Con- 
solidated, also at Korea, $3 09 There are no metal mines 
m China which permit a direct comparison, but in the col- 
lieries It requires from stx to nine times as many men as in 
American mines to produce the same output In part this 
IS due to differences in mining methods, especially the large 
use of explosives and machines m Ameiican mines, but to 
a large degree it meiely reflects the fact that low wages 
require employment of more men in order to get the same 
work done 

The efficiency of labor depends on many factors , the 
strength and endurance of the men; their food and housing, 
brain power and mental attitude toward the work, their ex- 
perience and training for the particular job, their organiza- 
tion and direction 

As regards the first of these factors, the stiNength and 
endurance of the individual workers, the general verdict of 
observers would be favorable to the Chinese, though there 
are virtually no accurate statistics available and there are 
facts which indicate that physically the Chinese workman 
has been over-estimated. Life insurance companies, it is 
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true, refuse to sell straight insurance to any Chinese unless 
they live under foreign conditions as to food and housing 
and employ a foreign doctoi They do, however, sell all 
other ioims of insurance oif exactly the same teims as to 
foieigners resident in the^East, that is, at an advance of 
about 5 percent over home rates They consider that the 
acquired immunity of the Chinese to filth diseases offsets 
any greater risk and they use the same moitality tables for 
Chinese and foreigners alike Indeed the Chinese are 
counted as being slightly better risks than foreigners resi- 
dent in the East because ot their more temperate habits 
In one particular there is a marked diffeience The insur- 
ance companies will not take Chinese except those of promi- 
nence and assured position because of the danger from 
fraud and substitution of bodies The moial risks there- 
foie of insuring in China are assessed by the companies as 
greater than the physical, though apparently information is 
too incomplete for the companies to feel safe in writing 
insurance except with the added chance of profit incident to 
investment policies 

Foreign officers experienced in training Chinese soldiers 
are generally enthusiastic as to their qualities General J 
W N Munthe, who has had wide experience Avith them, 
comments paiticularly on their good eyesight, absence of 
neives, amenability to discipline, and ability to stand strain 
He estimates the average weight not moie than 140 pounds 
and remarked that the men are usually slighter m build 
than American or European troops There is the ^ame 
diffeience in China as elsewhere between men of the north 
and men of the south, where the average is physically 
smaller Chinese troops, according to General Munthe’s 
experience, while not so strong as European, show more 
endurance They may not work as rapidly but they will 
stand more hours without going to pieces and will out- 
march any troops of which he has records 

In any estimate of the working power of a people, large 
allowance must be made for the effect of food and housing 
Judged by standards obtaining m Europe and America, both 
are radically defective in China and the Far East generally 
Contrary to fiequent assumption it is not that food is m- 
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sufficient in quantity, but it is its character that would be 
criticized In Chinese villages the people seem to be al- 
ways eating, ind a gioup of earners will stow away an 
enoimous amount ot provenckr at a sitting and in sur- 
prisingly shoit time The food^^anes in difterent paits of 
the countiy, but it is almost exclusively vegetable and in- 
cludes an unusual amount of greens and numerous ai tides 
not eaten elsewhere Even the fats are mostly derued from 
vegetable oils, and poik, chicken and duck aie the only 
meats widely eaten, though the Mohammedan Chinese sub- 
stitute mutton foi poik Baking is virtually unknown Ordi- 
nary bread is made usually of coarse native flour It is 
usually cooked by steam and looks like a raw doughnut, 
but fried bread is also common Baked bread is usually 
eaten only on joytui occasions, three or four times a year 
Food IS either boiled, steamed, or fried, and in order to 
economize m fuel it is largely prepared in public restaurants 
from which it is bought directly or from street hawkers 
Meals at all hours is the rule of the countr\ and regular 
feeding is the exception Food is prepaied under most un- 
sanitary conditions and quantities of raw vegetables and 
fruits are eaten in season despite the universal pollution of 
the soil Since it is not customary for large enterpiises to 
feed their employees, systematic studies of Chinese food 
and rations seem not to ha\e been made So far as general 
observation goes the ordinary coolie ration would seem to 
rank low Shantung coolies working at the Fushun mines 
near Mukden m 1917 were stated to eat millet, pork, 
onions and similar food so cheap that they could maintain 
themselves for 7 to 8 sen { 2} 2 to 4 cents gold) pei day and 
the coal company only charged 10 sen (5 cents gold) per 
day for boarders at the company hotel In the southern 
part of China rice instead of millet forms the mam element 
in the daily ration In the Chinese army the allowance is 
75 catties, equal to 100 pounds, of nee pei man a month 
In South Africa when the Kaflirs come to the mine com- 
pounds they have been living usually on food similar to 
that used in China, except that they use less gram and drink 
milk The Chinese use virtually no milk, butter 01 cheese, 
but consume grain and vegetable oils freely Before the 
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Kaffirs can stand regular mine work they must be given 
nearly 30 days of systematic feedings with a ration con- 
taining nearly 4,000 calories It seems reasonable to as- 
sume that some similar attention paid to feeding Chinese 
would result in improving j:hem as laborers as has proved 
true m other countries. Furnishing the food itself and re- 
quiiing it to be eaten on the premises proved in Ecuador 
a satisfactory way of meeting the same difficulties as would 
promptly appear in China — the disposition to gamble away 
excess or pass it on to innumerable lelatives and dependents 
In ranch work in California, systematic feeding has brought 
Hindoos up to the same standard of labor output as compe- 
tent white woikmen The best locomotive does poor work 
when the fire box is filled with dirty rather than clean coal 
or is left half empty of any fuel, and a workman needs at 
least as much consideration as a machine 

Left to their own initiative Chinese workmen are content 
with extremely poor houses They build of brick or stone 
and use lime mortar of poor grade The bricks are only 
slightly burned, if at all, and a severe ram often results 
m much damage to the house The floor is earth, brick, or 
stone, the roof is tile or clay, such windows as are present 
are lattice covered with paper, and the ill-fitting door swings 
on wooden hinges The house is poorly lighted and is venti- 
lated by chance Theie are few bathing facilities and water 
IS drawn from running streams, shallow wells or surface 
pools which usually are badly contaminated Artificial heat 
IS reduced to the minimum and in winter the family depends 
upon using wadded cotton garments to keep warm Work- 
men’s houses are very dirty and full of smells Kitchen, 
bed, and eveiything else are in one room and clothes are 
not changed day or night It would seem clear that the 
physical surroundings of the ordinary workman are not 
such as to preserve or increase his working power In 
addition there is the fact that his quarters are crowded, 
often with people not altogether congenial, and there is no 
quiet and privacy such as makes for recovery from fatigue 
Chinese seem to be able to do with little sleep and also to 
sleep at any time and place, which is fortunate since there 
seem to be no hours when a Chinese village is quiet and 
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few when even an individual household is unanimous in 
the pui^pose to sleep 

Recital of these conditions at once raises the question to 
a foreigner as to why the Chinese endure them The an- 
swer lies in their mental attitude, which is after all the 
greatest difBcuIty in the way 0/ new industries Bioadly 
speaking, the Chinese do not insist on better food and hous- 
ing because they consider what they have good enough 
Material things do not loom as large among the wants of 
the Chinese as of the Americans There aie other things 
they want more More boy babies, the excitement of 
gambling, the maintenance of the family bond, ^^face’^ and 
similar matters appeal to them much more important It 
must be remembered that in China the social unit has long 
been the family and not the individual What a man earns 
must be shared with all relatives who make claim on him 
If a man has a better or more convenient house it will 
shortly be overflowing with poor relatives, so why improve 
the house? If he sets a better table, the number to be fed 
wiU increase until of necessity the lation is reduced to the 
average 

This community of interest influences workmen in an- 
other way Despite the general poverty and the small 
vanety of industries, it is difficult to enforce disaphne by 
discharging unsatisfactoiw workmen This involves no 
great penalty on the man discharged, since he simply goes 
to live with some relatives until he finds another place, and 
he need be m no hurry finding it If dismissals become 
too frequent there is always the dangei of a stuke, and in 
China, if strikes and boycotts are short-lived, they are also 
unanimous So close knit is the social organization that 
none dares stand out afone and there is no dissenting minor- 
ity when the time for action comes These conditions are 
changing and the individual is beginning to stand out from 
the mass but the change is slow and has not yet gone far 

China IS not a country where savings have accumulated 
to form wealth comparable to that of Western countries, 
though in the aggregate a good many million ounces of 
silver are hoarded in the country The great majority of 
the people live so hand-to-mouth that they cannot be inde- 
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pendent of the will of their immediate associates At the 
same time they have come to accept this situation as one 
which cannot or need not be changed Chinese have quite 
as much preference for ‘Vhfte collar’^ jobs as have Amer- 
icans but they accept much ijiore generally the fact that there 
arc not enough of such jobs to go around In many par- 
ticulars China IS a democracy A man may rise to the 
highest position in life, but few men do so and the vast 
majority have not only no notion of attempting it but make 
little effort even to better their daily lot Saving a compe- 
tence appears out of the question to most, and aside from 
acquirement of a fortune through politics or some lucky 
gamble it seems seldom to enter the calculations of the 
people It IS not that the coolies’ job is liked, it is merely 
accepted 

However possible it may be for a man to rise from the 
position of coolie, he must bear the brunt of the hardest 
labor and the stnctest social discrimination so long as he is 
m that position Whether born to a higher class or risen 
to it, he will go to great extremes to avoid the loss of 
‘‘face” involved in doing “coolie” woik For example, 
It IS difficult to tram Chinese students thoroughly in engi- 
neering because even carrying the surveying tape involves 
loss of “face” and more than one instiuctor has found his 
students’ results wrong because they would leave to the 
coolie all such lowly work At first glance it would seem 
that the high social premium placed on position would 
operate to stimulate men to larger earnings Mere J^os- 
session of wealth, however, brings no credit The possessoi 
must live the life of a gentleman of leisure to be received 
at the higher rating So long as possession of a good in- 
come requires continued labor it has no sufficient attrac- 
tions As a result possibly of centuries of brigandage and 
government founded on the principle of tribute, secunty 
of accumulations has been so slight and the avenues for in- 
vestment so few that the accumulated wealth of China is 
not large m proportion to its population 

While estimates of the mental ability of another people 
are never more than personal judgments, I would follow 
unhesitatmgly those who consider the Chinese intellectually 
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fully the equals of other people They merely fail to use 
these powers effectively from our particular point of view 
The social organi7ation has been such that they ha\e had 
no sufficient incentive to accurrftilate propeity Millions of 
Chinese work and work hard Too hard, if one may judge 
from observation The common coohe handling goods 
with carrying pole 01 wheelbarrow piobably works regularly 
beyond his strength, and many become wrecks He only 
works, however, to get a bare sufficiency to eat and a shelter 
of some sort for himself and family As soon as possible 
he quits, and whenever he has any temporary surplus he 
gambles if possible Meanwhile ovei him is a vast pyiamid 
of people who do little or no work They live on their wits 
and on the coolies This, of course, is not entirely true 
There aie Chinese contractors, merchants, bankei s, and 
others who contribute to social weltare as in other countries, 
but the number of men who manage to attach themselves to 
each “white-collar'^ job is striking E\ery bit of such work 
is parceled out among as many as possible An American 
bankei found that it took tight Chinese clerks to do the 
work done by one m the United States, and the greatest 
ingenuity is shown in inventing reasons for attaching one 
more person to any payroll 

The difficulty here is not with the individuals, but with 
the plan of organization that obtains The tault, fiom the 
point of view of production, is that it does not stimulate the 
individual to greater efforts Chinese excuse this on the 
basis that the great economic pressure on the individual 
makes failure so disastrous that he must meige himself in 
a larger unit, such as family or guild, for protection Owing 
to this clan organization it is difficult to mix workmen from 
various provinces A Shantung foreman has a poor chance 
to succeed with Hupei laborers, and the reverse would be 
equally true Nepotism is widespread and seldom con- 
demned It IS regarded as a man’s duty to favor his rela- 
tives and to provide each with a place if possible Every 
great man is surrounded with a crowd of hangers-on for 
whom he must provide in times of adversity and for whom 
he makes places on the slightest opportunity To a con- 
siderable extent this relation holds right down to the lowest 
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man m any organization having authority to hire and fire 
The bond which holds togethei any working force is ex- 
ternal to it and independent of the standard of efficiency 
shown by the men 

Failure to regard the individual seems to have worked 
here as in other lands toward a decrease m efficiency and a 
low production per worker With the same number of 
individuals and a smaller amount of goods produced, 
clearly there are fewer goods for each This in turn reacts 
on the poorest and enormously stimulates the effort to ad- 
vance by short cuts thiough thievery and sharp practice 
It also makes those who by merit, good fortune, birth, or 
any other means, have risen above the rank of hand work- 
ers hold most tenaciously to their rights and privileges 
Until the individual worker receives some direct return 
from increased effort, notable improvement in efficiency 
would not seem likely 

The most common form of organization of labor in 
China is through contractors and sub-contractors and it is 
by contracting that a Chinese workman most frequently 
rises The contractor binds his men to him by a system of 
cash advances which keep them perpetually in debt, toward 
which the universal habit of gambling is a powerful in- 
fluence There is an elaborate system of squeezes and com- 
missions on both wages and supplies and these hidden profits 
are often the most important incentive for taking the con- 
tract While many Chinese contractors are scrupulous m 
performance of agreements, it is not safe to accept;, the 
widely-advertised dictum that Chinese are always faithful in 
such matters any more than other people are Examination 
of consular records shows the wreck of many enterprises 
founded on contracts with Chinese, and in practice it is 
customary to exact bonds and guarantees to an extent not 
known elsewhere Complaint is also common among the 
Chinese as well as foreign employers that Chinese contrac- 
tors show much adroitness in catching employers at a dis- 
advantage and then by an artifically created labor shortage 
or other means forang a change of terms The contract 
system makes it easy for a foreigner to do business in China 
as long as he is content to do it on the contractors terms 
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If he has his own ideas as to times, seasons, speed of work, 
and similar matters, he will have great difficulties 

Chinese have had little training or expeiience to fit 
them for work in modern mines The great bulk of the 
population IS engaged in farming In the winter the men 
fiom the farms go to the towns and work as wheelbarrow 
or carrying coolies At such times, labor around the mines 
IS abundant At other times it is not always easy to keep 
a full force The men are widely tiained m hand crafts 
such as the ordinary building tiades, but their standards 
are low both as to quality of work and late ot output 
Only the immediate cash expenditure is considered From 
that point of view much of the work is cheap, but it is often 
poorly and slowly done In a modern saw-mill at Shanghai, 
Chinese working under an American foieman get about one- 
half the proper duty out of each machine Chinese hand 
workers manage to do with absurdly crude and poor tools 
and it is not altogether surprising that they have become 
widely indifterent to acairacy It is extremely difficult to 
get a Chinese carpenter to make anything exactly square 
or a brick mason to lay a true wall If an object be “abouP* 
as specified it satisfies his sense of the degree of exactness 
required and this runs through Chinese industry generally* 
To standardize production is therefore most difficult, de- 
spite the well-known cleverness of Chinese workmen in 
exact reproduction from a model Few have received tiam- 
ing with modem power tools and unfortunately many of 
thos^ so trained have the methods of twenty to forty years 
ago The number of instructors available has always been 
small m proportion to the work to be done and with the 
inherent conservatism of the Chinese it is not surprising 
that the work has never been speeded up The men who 
first got training as machinists jealously guard the field as 
their own Cantonese who got their hold nearly fifty years 
ago at Tangshan still monopolize employment in the shops 
of the Kalian Mining Administration m Chihli 

It IS extremely difficult to get Chinese workmen to care 
properly for machinery An engine driver will often fail 
to report repairs needed on a locomotive, under the im- 
pression, apparently, that in doing so he gives valuable in- 
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formation for nothing Chinese are so accustomed to liv- 
ing and working under general conditions of disrepair that 
the importance of tightening bolts m time does not appeal 
to them So, too, while it is possible to get hoisting en- 
gineers for a mine, it doe« not seem possible to get rapid 
hoisting and generally speaking a man grand enough to run 
an engine of any kind is much t 6 o important to condescend 
to see that his engine is kept m good working condition 

It is difficult also to get men to work in close harmony 
in a shop as each tries if possible to force some other to 
pay him a “squeeze ” Thus one Chinese employer had 
trouble with the men running an overhead ciane, who would 
not handle pieces quickly and efficiently tor the men on the 
floor below because the latter refused to pay “cumshaw 
It did not matter that all were alike working for one com- 
pany and that it was not a piece-work job It was suffi- 
cient that one was in a position to retard oi facilitate the 
othei’s work There is a striking lack of any willingness to 
do something for nothing, save where the well-defined claims 
of family require it These incidents point to deep-grained 
habits of mind and suggest some of the difficulties that he 
m the way of developing modern industries m the country 

There are few miners, and probably any large mine 
force would need to be recruited from men wholly new to 
the work This has some compensations since by tempo- 
rarily increasing the number of supeivisois it should be pos- 
sible to tram the men into right instead of wrong habits, 
though the difficulties arising out of lack of a common 
language are not to be underrated As now conducted in 
China, mining is not especially cheap and the factoi of tons 
per man, where it has been possible to obtain exact figures, 
IS low Judged by the test of expenence the “cheap” wages 
of China do not materially lower production costs, while 
they do undoubtedly yield poorer results m quality of out- 
put and speed of production 

The railway system of China is as yet far from complete 
About 6,500 miles ot line are in operation In addition 
there are many lines projected and for much of this ad- 
ditional mileage franchises have been granted or promised 
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to various nations As is well known, the railways so tar 
built and most of those planned have been designed not 
alone to serve the economic needs of the country but also 
the political designs of the Powers The railways aheady 
m operation were built almost entirely by foreign companies 
or under foieign supeivision and usually the major profit 
was m the sale of material and in a percentage on construc- 
tion costs As a lesult, the roads have cost too much and 
theie was for a long time no unitormity ot construction or 
equipment 

The Chinese Government has been attempting to bring 
order out of this chaos and nominally at least all the im- 
portant lines are now parts of the Chinese Government 
Railways The gam m uniformity thus brought about has 
been largely offset by the poor standaid of operating ef- 
ficiency which the Government officials permit Equipment 
IS not only heterogeneous and light, but car distribution 
goes by favor Since under the opeiatmg system in vogue 
the station master has laige powers, it is often necessary to 
pay him regular bribes to insure prompt despatch of goods, 
and on payment of a “cumshaw’^ favors as to classification 
and weight are granted In fact, there is no scheme un- 
earthed by the muck-rakers who ventilated conditions on 
Ameiican railroads twenty years ago which has not been m 
regular operation in China recently, though it is to be re- 
membered that foi years the country has been plagiied by 
civil wars, and conditions faced by the operating officials 
can hardly be taken as having been normal or inherent 
ServTfce is frequently inteirupted by track difficulties, and re- 
cently has been disturbed by political disordeis Despite 
foimidable numbeia of troops and special railway guards, 
petty stealing of goods m transit is so feared that it has 
for some years been customary to send coolies as guards 
with important shipments With their beds and food these 
men take their position m or on top of the car ot freight 
they are to guard, and are supposed not to leave the car 
until It reaches its destination They form a picturesque 
feature of Chinese trams Incidentally, they frequently 
go to sleep while smoking and set the goods and the train 
on fire Along some lines there are regular companies 
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which will furnish coolie guards and insure delivery of 
goods for a fee 

Chinese railways derive large revenue from passenger 
trafBc, while freight is scahty Rates, however, are gen- 
erally fair and even low ,The open coal rate, for example, 
IS one cent Chinese per ton mile, which is below present 
American standards There are also special rates Various 
coal-mimng companies have agreements that the rate on 
coal from their collieries shall always be less by a certain 
amount than the rate from any competing mine and m 
other ways special pioperties are favored Handling costs 
are small, transfer of coal from narrow-gauge to standard- 
gauge cars, done by hand, amounts to i)4 to cents 
(gold) per ton Likin, or transit dues, while irregular and 
annoying, are by no means always burdensome For two 
small shipments valued at $175 going about 400 miles and 
crossing a provincial line, the total likin was $3 40 and the 
freight $ii 05, all m Chinese currency in 1917 Rates have 
since increased Large companies having a steady output, 
such as a colliery, usually arrange to commute likin by a 
small annual lump-sum payment 

Many of the defects and annoyances charactenzing lail- 
way traffic m China are incident to present political con- 
ditions and the fact that the whole system is new and in- 
complete It may be anticipated that there will be steady 
improvement, and at the worst the burden thrown on in- 
dustry IS not greater than that met by pioneers in other 
countries at a similar stage in development The railway 
system presumably will grow rapidly when the country again 
becomes settled There aie already two mam north- 
south lines as fai as the Yangtze, with an east-west line 
from Mukden through Tientsin and Peking to some dis- 
tance beyond Kalgan Connection between Hankow and 
Canton lacks but little, and the Belgians built an important 
link in their projected east-west tiunk line through the 
center of the country even during the War The great 
plain of China should soon be served by a fair number of 
lines, while from each of the important seaports radways 
are reaching out into the interior. The plateau and moun- 
tain country of the west is almost untouched by railways 
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though the French have built and operate a line to Yun- 
nan-fu 

It IS in the western country and the more mountainous 
districts of the south that any considerable mines other 
than those of coal and iron may be expected to be found 
The country, however, is sparsely settled, not well adapted 
to the style of agriculture with which Chinese are familiar, 
and offers tew certain attractions to a traffic manager The 
conditions are not parallel to those which led to building 
the transcontinental railways of the United States and 
Canada, since m those countries there was something to 
build to The Pacific afforded an outlet at the other end 
and the Pacific states offered a field for budding up big 
industrial centers Lines pushed across China to Turkestan 
or Tibet, on the contrary, would not only encountei great 
physical difficulties, but would offer no reasonable expecta- 
tion of dense or balanced traffic after they were built The 
roads would find their main excuse in strategic considera- 
tions, and China is not in a position to budd on this basis, as 
shown by the inhibition, now foitunately withdrawn, on 
extending the line from Kalgan across Mongolia, a pioject 
that has much to commend it 

China IS fortunate m the possession of a number of nvers 
that are important avenues of transport These are all in 
use, and in addition a large number of canals and every 
small stream that can float any sort of boat has been put 
to service An extremely complete system of water trans- 
port has been built up and even remote villages are reached 
at some season by some sort of boats The main artery 
is the Yangtze, up which there is regular traffic the year 
round as far as Hankow (595 miles), to which point 
moderately large ocean-going steamers can also travel about 
half the year In summer, boats drawing 28 to 29 feet 
can reach Hankow, but in winter, 8 feet is the controlling 
depth of the channel From Hankow, smaller river steam- 
ers drawing 5 to 6 feet go to Changsha and Ichang most 
of the year, though occasionally interrupted m the winter 
for a few weeks Vessels drawing 8 feet can run part of 
the year to Changsha and those requiring up to 14 feet 
can reach Ichang m summer Above Ichang a steam tow- 
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mg service part of the year is maintained to Chungking by 
boats drawing 3 feet, but the bulk ot the traffic is handled 
by native ]unks A few shallow draft steamers operate 
on this part of the river Itr,is generally believed that with 
pioper designing and care m operation a river service of 
value can be maintained for most ot the year On the 
Mm liver, one of the largest in Szechuan, the bulk of the 
trade is earned m flat-bottomed junks drawing less than 
two feet On the Siang-kiang, in Hunan, boats drawing 
but one foot of water are in use, and to bring coal out from 
Paoching flat scows are built which are run as far as Hankow 
on the Yangtze and there broken up for lumber, much as 
the early settlers on the Ohio earned their produce to New 
Orleans The possibilities of such traffic are distinctly 
limited At Paoching it is seasonal only and the period of 
high water is so short that the traffic becomes m effect an 
annual episode It would be literally impossible to accom- 
modate on the surface of the river, within the time water 
IS available, enough boats to carry the output of a modern 
colliery, assuming it were possible to meet the other prob- 
lems of production and seasonal storage 

Wherever one goes m China water transportation is 
seen, but biief studies show that little of it is adapted to 
modern industrial needs When the Pekin Syndicate 
opened the Jamieson Collieries in Honan, the Tao Ching 
railway was built to give access to a system of rivers and 
canal by which coal could be transported to Tientsin and 
so to the sea The company expended both time and effort 
m developing transport by this route, but without satfofac- 
tion» The slowness, irregularity, and uncertainty of the 
method are all against it The native contractors wait for 
a return cargo and so consume as much as two months 
on a trip As time is not greatly valued by the Chinese this 
does not worry them, but it is another matter to a colliery 
manager attempting to move cargo regularly and without 
too heavy investment in equipment When the Chung 
Hsmg mines were modernized, a short railway hne was 
built to the Grand Canal in Older to deliver coal to Yangtze 
porta Since the coming of the Tientsin Pukow railway, 
the line built by the company has been a whtte elephant, 
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foi the through railway route proves not only more ex- 
peditious but cheaper 

It IS to be lemembered that the canals of China are old 
and small Even the Giand* Canal, while large, is not 
modern and is chronically in djsrepair It is also fairly 
crusted over with “old customs” that increase the expense 
of shipping It seems probable that at comparatively small 
expense the canal could be made an avenue of transport of 
real value^ but the larger part of the canals and minor 
streams of China are of no value save tor carrying farm 
produce to local markets and othei similar uses to which 
they have been put tor centuries While in this description 
only a few of the rivers and canals have been discussed m de- 
tail, It should be understood that the general conditions are 
similar in both north and south China Aside, therefoie, 
from parts of the large rivers, the Grand Canal, and a few 
shorter artificial channels, it is not wise to count on inland 
water transport when establishing any industry that re- 
quires the handling of large tonnages 

Aside from the few railways and the water transport 
already discussed, the only means of transport is by ear- 
ner, and occasionally by pack-train in the south, and by 
wheelbarrow, pack-train, or cart in the north There 
are virtually no roads and no system of reservation for 
roads Indeed the track over which traflic moves is treated 
as piivate property and naturally the land-owner, whose 
acreage is ceitam to be small for hia needs at best, be- 
grudges every foot taken from his crop area Even in 
regiras wLere carts are used, travel is along mere tracks 
or trails acioss the fields There are bridges made of stone 
and dating from centuries ago, but many of them are 
seriously out of repair and streams must be crossed by 
fords or crude ferries Of the great system of stone- 
paved Imperial roads which once bound the country to- 
gethei, only traces remain, and cross country travel is 
usually along footpaths winding through the fields or deep- 
worn cart tracks, a mass of ruts and dust in summer and a 
sea of mud m winter In Manchuria and Mongolia, there 
13 a considerable cart traffic, but toward the south the cart 
IS first supplemented by the wheelbarrow and then by car- 



200 ORES AND INDUSTRY IN THE FAR EAST 

nets Surveys and estimates have been made for individual 
roads in various parts of China, but always the project 
has been blocked and motors are as yet only used within 
the limits of cities and on a few routes 

The price of transport varies enormously with the region, 
season, character of the goods, and character of the trail 
Despite the small wages paid and the limited investment m 
equipment, it is not cheap In northern Honan in winter, 
when labor was available and the roads frozen, transport 
of coal 25 miles mainly by wheelbarrow, but in part by 
cart, figured out to about 15 cents (gold) per ton-mile W 
F Collins gives figures for wheelbarrow transport of coal 
m Shantung that work back to 18 cents (gold) per ton- 
mile In Kiangsi transport of limestone by earner seven 
miles over fair trail and with a regular organization, cost 20 
cents (gold) per ton mile Transport of tin in South China 
by pack animals up to distances of 25 miles costs about 
30 cents (gold) per ton mile These figures perhaps make 
sufficiently clear the burden under which industry in China 
labors and why the larger part of the trade 13 local 

In considering establishment of any industry in China, 
it is necessary not only to take into account the usual funda- 
mentals, matenals, markets, labor, and transport, but cer- 
tain other matters peculiar to China or in regard to which 
the circumstances are so exceptional as to be almost unique 
The laws governing commerce and industry are like those 
nowhere else, but in addition to the peculiarities of the 
Chinese code there are the complications incident to"" the 
extra-territorial system, each national remaining under the 
laws and legal jurisdiction of his own country when on the 
defensive It has already been agreed in the Washington 
treaty that this system shall be abolished, but how rapidly 
and what new system will take its place is still unknown 
Meanwhile and practically, business has been conducted on 
the basis of mutual confidence reenforced by personal bond, 
to a most unusual extent It follows that there are few 
countries m which the value ot a good name is as high 
as in China Business has long been conducted virtually on 
honor, and to the credit of both Chinese and foreigners 
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It may be said that enormous amounts of business are so 
conducted 

Credits in China afford the basis for much argument 
Equally old and experienced foreigners resident in the 
country will maintain to you that Chinese are never to be 
trusted and that they may always be trusted This is con- 
fusing, but on a par with the general contradictoriness of 
life m China that has been noticed by nearly all who have 
written about the country The facts seem to be that the 
Chinese are much like the inhabitants of other countries and 
include both trustworthy and untrustworthy individuals 
It IS also true here as elsewhere that peculiar ethical values 
are attached to particular acts The Chinese have a fine 
sense of the importance of living up to a deliberately given 
word, though they aie not above attempting to enforce a 
novel interpretation of a contract if it be to their advantage, 
as happens elsewhere They are not litigious and are ac- 
customed to arbitrate or to pay rather than to go to law 
The best tribute to their ideas of honesty is probably the 
fact that virtually all business done with them by foreigners 
IS based on personal bond, not on collateral, as is customary 
elsewhci e 

The Chinese, as is true of other peoples not familiar 
with the details of modern large-scale business, entirely 
under-estimate the value of skill, organization, and ex- 
perience m developing a new industry They also frequently 
fail to discriminate between gross and net returns and it is 
widely customary to pay dividends at a fixed rate regard- 
less of eainings The Chinese business world is not ac- 
customed to limited liability Each shareholder is a partner 
and his liability is without limit Having in view the quality 
of human nature engaged m tiade it is not surprising that 
one hears of firms where each partner has his own lock 
on the company safe, which can only be opened in the pies- 
ence of all 

The lack of real authority of a central goveinment, now 
so striking, is by no means merely an incident of the present 
The Chinese have not had for centuries any Central govern- 
ment that was not imposed on them by the will of a con- 
queror, and not unnaturally they yield to it what they must 
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rather than whole-heartedly In practice, it has often hap- 
pened that despite agreements with Peking, profitable busi- 
ness could not be conducted until local Chinese had been 
satisfied When the Chinese^Engineenng and Mining Com- 
pany offended local Chinese public opinion, the Lanchow 
Company was financed and run at a loss as a rival until the 
older concern came to terms Since the two joined to form 
the Kalian Mining Administration the closest haimony has 
prevailed and the business was satisfactory until mteriupted 
by the civil wars The Pekin Syndicate had a similar ex- 
perience with native mines prior to joining them in forma- 
tion of the Fu Chung corporation, a selling company for 
both Numerous other instances might be cited The 
moral is that any large business in China must have the 
good-will of the people of the community just as similar 
business must in any other land 

Another difficulty to be met m China is that due to 
differences m exchange China uses silver for currency m 
place of gold and within a year the purchasing power in 
China of the American dollar has been known to decrease 
or to increase by more than one-half So large a change is 
unusual but increases and decreases of 30 percent have 
been frequent This may woik to the advantage or the 
disadvantage of a company at any one time In the long 
run, together with the chaotic condition of local currency, it 
forms a tax on industry, since a laige number of banks and 
exchange houses make their whole profits out of these 
variations, This is too large a subject for discussion ]?ere 
New industries in China can only be successfully developed 
if estabbshed deliberately and on adequate scale after 
thorough study It is no country foi taking a flyer m ex- 
pectation of quick returns In view of the character of the 
labor, Its lack of training, and the peculiar laws and business 
customs, a successful enterprise requires high-class manage- 
ment and will necessitate for some years an unusual amount 
of supervision This in turn means a large overhead which 
must be distributed over a considerable volume of output 
to insure success If one such enterprise be founded large 
enough to warrant maintenance of a first-class staff, there is 
every reason to believe that around it may be collected in 
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time a number of smaller piofitable businesses This has 
been the expeuence of all the older and successful houses 
in China, and it is a constant cause of surprise to find the 
multitude ot directions in which houses have profitably ex- 
panded that began as importa^it export merchants, ship 
owneis, or in some other of the lines of industry that first 
brought foreigners to China 



CHAPTER IX 

WHAT OF THE FU'IURE:' 

The problem of the Far East is, in what direction, how 
far, and at what speed its peoples will change the character 
of their industrial and social structure It is not a ques- 
tion whether the so-called “unchanging East” will remain 
unchanged — the East is already changing It never was 
unchanging The thought of it as such arose from the cir- 
cumstance that the peoples of the East made their major 
advances along the path of civilization earlier than did 
those of the West and they reached the period when, under 
their conditions of life, the law of diminishing returns came 
into play at a time when the Westerners, under other con- 
ditions, were still m the period of acceleration Races 
change slowly, but at times whole nations change their 
wants, their satisfactions, and their form of organization 
for obtaining these satisfactions, with surprising rapidity 
In the last half century, as quick communications have 
brought the peoples of the East and the West into closer 
contact, there has been much more of a tendency for the 
Easterners to adopt the manners and methods of the West 
than for the reverse to take place At times and m par- 
ticular countries there has been a quick and widesp^iead 
change in the outward appearance at least of the civilization 
of Eastern countries Is this to become general? Will 
this current influence the whole or only a small part ot the 
people of the countries concerned? Is the change to be 
rapid and general or slow and erratic? All these are ques- 
tions of first importance both to the East and the West 

If the vast populations of the Trans-Pacific countries are 
going to change over, wholesale and promptly, to the style 
of livmg of Western peoples, if they are going to want the 
things we want and to strive for them by the same or 
similar methods, this is probably the most important and 
significant fact either the Orient or the Occident has now 
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to face Such a change would mean an enormous mciease 
in the demand for many goods and, in turn, this would be 
reflected in a corresponding draft upon the Tvorld’s supply 
of raw materials Such an increased demand will be much 
less important if the countries* affected are themselves in 
position to supply these raw materials than if they must, 
to any considerable extent, trench upon the sources now 
open to the rest of us The latter would give rise to com- 
petition on a scale heretofore unexampled This possible 
competition for raw matenals is a matter of fiist importance 
m trade relations, it may also become, as the world has 
come recently to realize, a grave source of danger in politi- 
cal relations and a powerful incentive toward war 

The suggested potential increase in demand for the raw 
materials of industry is especially significant m connection 
with minerals It is the generous use of minerals that has 
permitted the Western peoples to alter so markedly their 
mode of living from that of their ancestors In their dis- 
position toward increased consumption of minerals, even 
the more highly industrialized Western countries show as 
yet no marked tendency toward slackening Minerals are 
not reproducible To a large extent they are consumed 
in use Only to a limited extent is it possible by salvage to 
build up a permanent stock The mines aie wasting assets 
If the great populations of the East are to consume as much 
iron, copper, lead, zinc, and other metals per capita as do 
now those of the leading Western countiies, there may well 
not enough to go around It is substantially certain 
there is not enough to supply any such demand if the supply 
must come from present known sources Control of supply 
and distribution is, therefore, a most important matter as 
regards both peace and war Neither can a large varied 
industrial civilization be maintained in peace, nor a long 
war be fought to successful conclusion, without an adequate 
supply of minerals 

It IS possible in theory at least for a country not pos- 
sessed of mineral wealth but rich m other resources, to 
obtain its supply of fuels and metals by purchase Indeed, 
this IS actually done, strikingly in the case of Argentina and 
to a considerable degree by Italy and France, None of 
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these countries, however, shows the highest per capita con- 
sumption of any of the common metals and all are handi- 
capped by then poverty of mineral resources In an earlier 
chapter it was shown that a deficiency of the minerals of 
which a large tonnage isroeeded, such as coal and iron, 
IS a more serious matter than in case of those of which a 
few ounces or pounds is sufficient* In any event, to buy one 
must have something to sell, and if the East is to become 
a large consumer of Western goods, it must develop an 
exportable surplus of its own products to balance its im- 
ports 

The survey that has been made indicates clearly that the 
Far Eastern countiies are characterized by deficiency m 
mineral resources rather than by abundance A few strik- 
ing exceptions occur Of tin, tungsten, and antimony the 
Eastern countries have a surplus that is of world im- 
portance The Malay States, with Siam, the Netherlands 
East Indies, and China are now able to dominate the 
woild’s trade in these metals and, while some falling off is 
to be expected as the rich surface placers of tin and tung- 
sten are exhausted, the Eastern countries may be expected 
to continue to occupy an impoitant, if not the chief place 
m the trade m these minerals A rough general idea of the 
value of these exports may be obtained from the following 
table in which the total production of Far Eastern coun- 
tries for the year 1925 is valued at average New York 
prices for the year Not all the output was sold in New 
York and no account is here taken of the necessary induc- 
tions for cost of shipment and selling, profit of tradeis, 
import duties, and many other items that would need to be 
subtracted in order to obtain the value at the port of ex- 
port Nevertheless, the total as a yard-stick for measuring 
the trade that might be held in balance is clearly not large 
when compared with world trade standards 

HEADING FAR EASTERN MINERAL EXPORTS IN 1935 
(Valued at Ne^w York Prues) 

Tin $130,860,800 

Tungsten 5,336,800 

Antimony 771,400 


Total 


$ta6,959,ooo 
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These three represent, as already indicated, the major 
contributions of the Far East to the exportable surplus of 
the world trade in minerals Japan ships copper and vaiious 
of the other countries send out these and other minerals, 
but all are likely to find need at home for what they now 
export and, as already indicated, must m addition, import 
large quantities of non-ferrous metals if the local per capita 
consumption eyer approximates that of the West 

In the matter of fuels, the situation is somewhat dif- 
ferent and this is important since with a suitable supply ot 
fuel to furnish energy an industiious and ingenious people 
may turn to manufacturing and trading even if certain raw 
materials need to be imported an quantity Petroleum is 
found from Siberia to the Netherlands East Indies, as has 
been shown by Mr Heroy m the chapter he has contributed 
to this book Japan, China, Indo-China, Siam and the 
Malay States seem certain not to produce petroleum in 
amounts beyond local needs Exploration in the Philippine 
Islands is incomplete and has so far been discouraging, hut 
a definite statement is not yet possible Sakhalin and the 
Netherlands East Indies are both likely to make important 
contiibutions to the world's supply 

Coal IS the most important of the minerals from many 
points of view and m this book considerable space has been 
devoted to consideration of the chaiacter, distribution, and 
extent of the coal reserves of the various countries This 
survey has taken into account that present production af- 
ford^ no valid criterion foi measuring what would be pos- 
sible m event of a general mdustualization of the people 
and a resulting demand on the coal mines The only coun- 
try m the Orient containing coal fields of world importance 
IS China The others, with the possible exception of Indo- 
Chma, either are now or may be expected to become im- 
porters of coal, especially if they undergo any major m- 
du9tnahzation» A number of estimates have been made 
of the amount of coal in reserve in the Chinese coal fields 
and these have already been reviewed The first general 
summary was made in 1913 by N F Drake for the In- 
ternational Geological Congress, Drake considered the 
probable coal reserve to be of the order of 996,6x2 million 
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tons The last authoritative general statement that has 
been published was that of W H Wong, the Director of 
the Geological Survey of China, who, writing in 1924, esti- 
mated the actual reserve al 23,435 million tons but con- 
sidered that taking accoutit of very thin beds and mining 
to greater depth, a possible 40,000 or 50,000 million tons 
might be estimated As Wong has said, this would supply 
China for 2,000 years at her present rate of consumption, 
but would only be adequate for 70 years for the consump- 
tion of the United States at its annual rate It would last 
about 16 years if the per capita rate of consumption of the 
United States were applied to the population of China If, 
however, Drake^s estimate be accepted, the fields could sup- 
ply the present American market for 1,465 years or could 
supply the population of China at the American per capita 
rate of consumption 346 years For comparison, it may be 
stated that the estimated coal reserve of the United States 
IS 3,838,657 million tons, an amount equal to 5,800 years’ 
supply at the present rate of consumption 

The other countries of the Far East are much less well 
supplied with coal and, as is true throughout the world, 
coking coal — which is indispensable to any large metal- 
lurgical industry — 13 even more scarce So far as is known, 
the Eastern countries must depend upon China for any 
supply of metalluigical fuel Japan, the most highly in- 
dustrialized country in the East, has some 8000 million 
tons of coal, equivalent to about 150 tons per capita This 
would last about 300 years at the present per capitg^ rate 
of consumption, or 25 years on the American per capita 
basis In addition, Japan controls much ot the coal of 
Manchuria, but m the long run the people living m that 
country would need to be taken into account in estimating 
the years through which it could be supplied to Japan. 

As to iron ore, the deficiency faced by the Far East is 
even more stnking, and this is all the more important when 
account is taken of the vital necessity of steel m quantity 
to support any such type of civilization as obtains m the 
Western countnes The details as to reserves and produc- 
tion have already been given It will be sufficient here to 
point out that, aside from the latentic ores of the Phihp- 
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pines and the Netherlands East Indies, to be more specifi- 
cally discussed later, the largest known 01 piobable re- 
serves lie in China These have been found on careful 
evamination to be very much fess than had long been be- 
lieved Accepting without question the largest figures given 
by F R Tegengien as a result of the study made by him 
for the Geological Survey of China, the per capita reserve 
of possible iron ore is about 2 tons This may be contiasted 
with 670 tons, the corresponding figure for the United 
States If, however, the figures foi accepted or actual 
reserves be used, China may be credited with o 92 tons 
per capita and the United States with 37 9 tons The pres- 
ent rate of consumption of iron ore in the United States, 
domestic and imported, is about 0 7 tons Accordingly, 
the actual reserve of China would last the Chinese less than 
2 years on the American basis of per capita consumption, 
the possible reserve would last nearly 3 years The 
Japanese per capita reserve is i 5 tons, taking as a basis 
the possible ore This would, at the American late of per 
capita consumption, last Japan a trifle more than two years 
In the Philippine Islands and in the Netherlands East 
Indies are considerable bodies of iron ore of the type 
found on the north shore of Cuba, which in recent years 
has been used in American sea-coast furnaces It lies well 
situated for mining and, while exploration is as yet not 
complete, there is enough data to warrant the statement 
that several hundred million tons are present The ore is 
not of the best type for furnace use and requires preliminary 
treatiflent, mainly driving off the contained water, before 
it can be used The methods of beneficiating it are well 
known and it can be cheaply produced In neither country 
IS any large supply of coal suitable for making metallurgical 
coke known, indeed in the Philippines the amount of coal 
of any kind known to be present is extremely limited In 
the Netherlands East Indies, an experimental plant is now 
being erected, designed to produce non from the lateritic 
ore by direct reduction and melting in an electric furnace 
Such a technology has been worked out, but there are no 
data now^ available that warrant belief that it can supplant 
blast-fumaCe work on the basis of cost and efficiency save in 
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limited and restricted fields Accoidingly, any major de- 
velopment based upon use of the Philippine oies, and to a 
less degree of ceitainty on those farther south, must be 
predicated upon combining flicm with Chinese oi Japanese 
coal It IS a general rule of tiade that because of the rela- 
tive tonnages involved, non ore moves to coal lather than 
the reverse, so shipments of ore from the Philippines to 
the north may be expected if and when these reserves are 
brought into production and any steel-making center based 
on these ores is likely to be in China or Japan Such ship- 
ments of iron ore would facilitate development of industry 
in the Philippines, since the natural back freight movement 
would be of coal, of which the Islands are now considerable 
importers 

Without reviewing in detail the evidence given in the 
various antecedent chapters the general conclusion may be 
stated that the Far Eastern countries do not contain such 
supplies of mineral resources as will permit the development 
of an industrial system according to Western standards 
If this change is brought about in any considerable degree, 
it must be on the basis of minerals or mineral products im- 
ported from other parts of the world 

No attempt need be made here to discuss the largei ques- 
tion whether it is necessary or desirable that the F^r East 
should follow the West along the path of industrialization, 
or even whether it will do so The answer to such ques- 
tions lies m the psychology of peoples and is outside the 
scope ot this study Present concern is only with the prob- 
lem of whether or not the Far East contains the resources, 
and particularly the exhaustible mineral resources, to sup- 
port such an industrialization of its people in the event that 
a wholesale change m that direction be attempted This is 
a question of fact, and to it the correct answer is undoubt- 
edly an unqualified negative 

Despite the circumstance that no adequate data are 
available for answering the other questions suggested and 
involved, a few facts and inferences to be drawn from them 
may be mentioned The first is the unquestionable fact that 
despite all the difficulties involved the Far East is taking on 
more ^nd more of the outward aspects of a Western m- 
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dustnal civilization, modern steamers ply her seas and 
rivers, one may travel many thousand miles in speed and 
comfort along well built railways, petroleum has widely 
replaced vegetable oils as an iIKiminant and is in turn being 
supplanted by electricity, an extensive neMvoi k ot tele- 
graph lines already exists and telephone and radio systems 
are rapidly expanding, newspapers are everywhere and 
motion pictures nearly as widely distributed , schools in 
which Western knowledge is placed before the pupils may 
be found in mountain villages faithcst back from the sea in 
most of the countries, cverywTcie Western ideas have 
penetrated and Western material comforts and conveniences 
are following It can hardly be doubted that to a gi eater 
or less extent the people coming into contact with them will 
desire them in increasing quantities and will set out to 
possess themselves of them so far as their means may per- 
mit A Chinese Tuchun may entertain philosophic doubts 
as to democracy and be entirely blind as to the saving grace 
of piimary elections, but he does not hesitate to commandeer 
a sleeping-car on the railway A coolie may know or caie 
little about voting, but he shows no disinclination to journey 
on a steamer or to enjoy the films Undoubtedly a transi- 
tion IS actually under way It remains to be seen how far 
and how deep the change will extend It is by no means 
necessary that the East should forsake entirely its phi- 
losophy of life in order to appreciate and enjoy the com- 
fort of living Westerners have brought about through 
lavish use of material The practical problem is, what has 
the E^st out of which to build for itself a similar material 
civilization or to exchange with the West for what it lacks? 
Granted that the supply of mineral resources, on the whole, 
IS disappointing, what remains^ 

In the first place, a word of caution is necessary Even 
if the mineral supply is small as compared with that avail- 
able m the West, it is not unimportant either for this or 
the next or next succeeding generation It is to be expected 
that any transformation of industry that may occui m\\ take 
place gradually and that the load thrown upon production 
will in no case immediately come to a maximum It is also 
hardly to be anticipated that the whole population of any 
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country will change its habits and needs in a single gener- 
ation and for us the most impoitant matters center around 
the present and the next half centuiy The comparisons 
that have so far been made have been with countries using 
minerals most freely Others are also worth consideung 
It IS interesting to set down in parallel, for example, not 
only China and the United States, but Japan and Italy, 
confining attention to area, population ^ and per capita re- 
serves of the most important minerals 


COMPARISON OF CHINA AND UNITED STATES 






Coal 

Iron 


Atca 


PopuJatioH 

Pciervff 



eSquaf-g MiJci) 

( MtUwnj) 

CD^^ty) 

(.Tons per Capita) 

China 

4 , 278,353 

437 6S 

lOo 

2,330 ^ 

2 

United States 

3.743,529 

1120 

30 

34.274 

670 


COMPARISON OF JAP^N AND ITALY 



Japan 

T 49>793 

55 96 

373 

150 

1 5 

Italy 

119,733 

38 9 

324 

5 

0 2 


These comparisons make it clear that while, as con- 
trasted with the United States, the leading countries of the 
Far East are deficient in the mam source of mechanical 
energy and the leading structural material, neither is badly 
supplied as compared with Italy, a country that has man- 
aged to play a large and important part m world affairs and 
continues to do so Italy’s statesmen recognize her pov- 
eiiry of resources m proportion to population, and there 
IS the usual division of opinion as to whether this condition 
is to be remedied by acquiring richer territory, using ^orce 
if need be, or by securing raw mateiials through peaceful 
trade Fortunately, modern Italy has so far followed the 
latter course and has grown and is growing increasingly 
prosperous as a result 

The eastern countries, particularly China, have an ad- 
vantage over such European nations as Italy in coal sup- 
ply and It has already been shown that coal is the largest 
modern source of energy By setting to work the coal of 
any country the output of goods may be multiplied without 

1 Firnrca from Statist leal Abstract of TJwted States, 1934^ 
a Ullng Dtelce's cttinmtc of reflcrvtf&, Wong's estimate would give 94 
per c^piUu 



WHAT OF THE FUTURE^ 213 

making corresponding drafts on food supply, and that is 
the road to wealth 

The problems ot food supply in the East ate too numer- 
ous and vaiied for discussion beic They are being made 
the subject of further study by one of the conterence groups 
of the Council on Foreign Relations It may be lecalled 
that much of China ts mountainous The same is true of 
Japan, the Philippines, and of the Oiient generally The 
civilization of the East, howevei, is dominantly based on 
gram cultuie, to which only the smaller part of the land is 
adapted Theie is little doubt that in othei foims of 
agriculture adapted to rough land, and in an expansion of 
animal husbandry, so fai retarded by widely current Bud- 
dhistic philosophy, there he opportunities for inci easing 
mateiially the food supply It is even piobable that changes 
m laws and customs may make it possible to increase the 
output of staple foods, such as rice, in China It is un- 
doubted that drainage and irrigation oftei means of increas- 
ing the area of cultivable land, and in the great prairie 
plains of Manchiina and Mongolia there are extensive areas 
where agriculture may replace pasturage and still leave op- 
portunity for a laigc animal population on the faims, just 
as It has done in the piairie states of our own Middle West 
Difficult as problems of food supply admittedly aic m coun- 
tries of dense population and limited resources, they are 
not insoluble, and much light may be thrown on them by a 
careful study of the engineering possibilities of the incom- 
pletely developed portions of the Far East 

It ?^mams to consider the possibilities of manufacturing 
in the Orient, and here an increasing amount of informa- 
tion IS becoming available With large industrious popula- 
tions, as m China and Japan, and with an important if not 
unlimited supply of coal, it is clearly possible under stable 
social conditions, to manufacture a considerable amount and 
vanety of goods even m the absence of an abundant supply 
of minerals Maclunery for doing so, or the metals out of 
which It may be made, must largely be imported Steamers 
and railway supplies, or again tlie raw^ materials entenng 
into them, must also be imported The railways them- 
selvesj lacking the large tonnage of mineral freight which 
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form the backbone of American railway traffic, must be 
organized and operated on a system somewhat different 
from our own If the choice be made of the newer torm of 
transport, hard roads and motor cars, the cars, and prob- 
ably in the mam the fuel to drive them, must come from 
abroad Italy has shown that it is not necessary to bring 
in the actual cais, foi Italy, by i^ffordmg one of the world’s 
great maikets for scrap iron and steel, has become an im- 
portant center toi the manufacture of motor cars, elec- 
trical machinety, and similar products, in which the maker 
retains the profit from conveiting a cheap raw material 
into a valuable device or product This path is open to 
Japan, China, and the Far East generally A beginning 
has been made Japan imports pig iron and China already 
affords a good market for scrap iron The manufacture of 
Mazda lamps in Japan is merely one of many illustrations 
that might be cited as to the possibilities in the Far East 
Products of wide range are now manufactured from raw 
material obtained from the sea or from the animal and 
vegetable kingdom, and a number require only non-metallic 
minerals which happen to be present m abundance Many 
of these goods can be made in the East whenever the East- 
erners set their wills to it and organize their energies and 
resources to that end Many are now being made on an 
increasing scale The following list, taken from the China 
Year Book, from among goods now being manufactured m 
China from domestic or imported materials, is highly sug- 
gestive 


MANUFACTURING INDUSTRIES IN CHINA 

Albumen factories 
Arsenals 
Asbestos works, 

Bone dust plants 
Button factories 

Canneries and food preserving establishments 
Carpet and rug factories 
Cement mills 

Clol5oon6 and enamel works 

Chemical and dye works (indigo, paint, lactic acid, general chemicals) 
Cotton spinning and weaving dqiIIb 

DistillencSj brewenea, and mineral water bottling plants 
Dockyards, shipyards and engineering works 
Electric power and light plants 
Flour nulls 
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MANUFACTURING INDUSTRIES IN CHINA — 

FurnJture factories (especially reed and wicker) 

Gas works 
Glass making plants 
Grass cloth factories 
Knitting works 

Leather manufactories and tanneries 

Marble and stone cutting yards 

Mats and matting weavers 

Match factories 

Nail and needle factories 

Oil mills and bcancake presses 

Palm leaf fan works 

Paper mills 

Piano, organ and musical instrument making 

Porcelain and enamel works 

Printing and lithographing plants 

Railway repair shops 

Rice hulling and cleaning mills 

Rope walks 

Rubber manufacturing plants 
Saw mills 

Silk filatures and weaving mills 
Soap and candle making 
Tea cleaning and packing 
Sugar refineries 
Tobacco manufacturing 
Woolen works 


In addition there are mines and smelters, as already dis- 
cussed, various services such as the railways and tramways 
are maintained, and numerous minor or exceptional in- 
dustries are to be found It is clear that some of these, 
especially heavy manufacturing industues, have little op- 
portunity for expansion save on the basis of imported ma- 
terial Others, such as those based upon fibers, may grow 
rapidly and to great size if conditions favor Whether or 
not, and to what extent, this can and will be brought about, 
IS a consideration that leads far from the field of fact and 
into the interesting but highly speculative domain of how 
far our Eastern neighbors will change their habits of 
thought 

Will China, for example, establish a government or 
governments that will police the country without stifling 
industry by extortion? Will the people leain to value 
quality and uniformity of product sufficiently to permit 
standardized manufacture? Will they come to have such 
mutual confidence as will permit pooling of capital through 
corporations or some other device? Will the Easterners 
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and the Westerners learn that the puce of industry is 
peace and will they mutually bear and forbear? On the 
answer to those questions rests the decision of the mam ques- 
tion as to what is to be ths future of our relations with 
Trans-Pacific countries 
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